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CHARLES FITZHUGH TALMAN, 1874-1936 


Charles Fitzhugh Talman (Aug. 31, 1874, Detroit, 
Mich.—July 24, 1936, Washington, D. C.), meteorologist 
and writer, was the son of Robert Fitzhugh Talman, who 
was born at Rochester, N. Y., and Jessica (Mack) Talman, 
born near St. Claire, Mich. On his father’s side he was 
descended from Dr. John Talman, one of the founders of 
Hudson, N. Y., whose son, John Thurston Talman, 
married Mary Eleanor Fitzhugh, daughter of Col. William 
Fitzhugh, one of the founders of Rochester, N. Y., and a 
grandson of the English emigrant, William Fitzhugh 
(“Fighting Billy”) of Ravensworth, Va., who was noted for 
his integrity and legal ability. On his mother’s side, an 
early ancestor was Col. Andrew Mack (born Mar. 9, 1780, 
at Windsor, Conn.), a colorful character in the early 
development of Cincinnati, Ohio, and Detroit, Mich. In 
1829 Colonel Mack moved from Cincinnati to Detroit, 
having been appointed Collector of the Port by President 
Andrew Jackson. He was one of the origi * { owners of 
the Detroit Free Press, served in the legislatures of both 
Ohio and Michigan, and was Mayor of Detroit diring 
1834-35. 

Charles Fitzhugh Talman was educated in the Detroit 
public schools, Detroit High School (graduated June 1892) 
and Kalamazoo College, and by private tutors. 

He was appointed Observer in the United States 
Weather Bureau on October 2, 1896, and stationed at 
Norfolk, Va. In 1898-99 he had charge of Weather 
Bureau stations in the West Indies and on the Caribbean 
coast of South America, being stationed at Colon, Colom- 
bia (now Canal Zone), August 19, 1898—June 6, 1899, and 
at Kingston, Jamaica, June 6, 1899-September 11, 1899. 
He was then recalled to the States and located for brief 
ae a at Boston, Mass., Springfield, Ill., and Buffalo, 

. Y., in the order given. On May 9, 1900, he was 
called to the Central Office of the Weather Bureau, 
Washington, D. C., where he was later appointed Assistant 
Librarian on December 11, 1907, and Librarian on July 1, 
1908. On July 16, 1914, he was promoted to Professor 
of Meteorology, and continued in a of the library. 
On September 1, 1935, he became Meteorologist by 
official title, and Meteorological Consultant by assignment 
of duties—a recognition of what, in fact, he had been for 
many years, and for which he was especially fitted by his 
wide acquaintance with the literature of the subject and 
pe knowledge of many languages, including Greek and 

tin 


The sixty-thousand-volume meteorological library of 
which Mr. Talman had charge is second to none of its 
kind, and was raised to this rank largely by his wise 
selections and persistent efforts. Not only is it a vast 
storehouse of potential knowledge but, with Talman to 

ide and assist, it was an inexhaustible fund of ready 
information. It was not necessary to tell him what 
— book one wanted, but sufficient to ask what 

ad been published on such and such a subject, for imme- 


91969—36——_1 


diately all the literature bearing on it would be placed at 
one’s disposal, and to all alike, high position or no position, 
with the same unfailing kindness and ever readiness to 
help. In his presence none could feel superior and none 
was made to feel inferior. 

In figure he was trim and slightly tall; in dress neat 
and tasteful; and in movement rapid and sure, even dur- 
ing the last month of his life, when much of the time he 
was too ill to be at his office. 

He contributed many articles to the New York Times, 
New York Herald Tribune, Nature Magazine, American 
Mercury, ete.; wrote for several reference books and for 
the Standard rem (1910-11); and wrote the daily 
newspaper feature, “Why the Weather?”, syndicated by 
Science Service—nearly 3,000 separate articles, from April 
25, 1927. In addition to this immense amount of high- 
class journalistic work he also published two delightful 
books: “Meteorology, the Science of the Atmosphere’’ 
(Colliers, 1922), republished by Reynolds Publishing Co., 
N. Y., 1925, as “Our Weather’’; and ““‘The Realm of the 
Air” (Bobbs-Merrill, 1931). And all his writings, from 
articles for the daily press to books for the library, were 
both pleasing and safe—excellent in style and accurate in 
statement. The service he thus rendered the public, and 
the intelligent support he won for the science of the 
weather, are incalculably great. Fortunate it is that the 
good men do is not always buried with them. 

Such was Talman’s work, apart from the endless routine 
requirements of his position, and the supplying of infor- 
mation in response to daily inquiries from all sorts of 
people on all manner of subjects; and his hobby, meteor- 
ological lexicography, was even more exacting and, if pos- 
sible, more valuable. To this encyleopedic meteorological 
dictionary he gave the most careful and persistent atten- 
tion for many years, and accumulated for it a vast fund 
of information and references, all arranged in systematic 
alphabetical order. Those of us, and we are many, who 
have had occasion to consult the manuscript of this great 
dictionary, know how exceedingly helpful it is, and realize, 
too, that, so far as possible, it just must be completed 
and made available to all who may need it. 

He was a member of the American Meteorological 
Society (councilor, 1921-22); the Geophysical Union; the 
District of Columbia Library Association, etc., and a 
fellow of the American Association for the Advancement 
of Science. 

On November 16, 1909, he married Miss Grace Fletcher 
Edes of Washington, D. C., daughter of the late Lt. Comdr. 
B. L. Edes, U. S. N. Their children are Constance 
Elizabeth Marjorie (Nov. 27, 1910), who married (Novem- 
ber 8, 1935) Sefior Mario Rodriguez of the Chilean 
Diplomatic Service; and Benjamin Long Edes (Aug. 13, 
1912), a graduate of the Naval Academy, and an officer 
in the United States Navy.—W. J. Humphreys. 
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DIURNAL DISTRIBUTION OF RAINFALL AT ST. JOSEPH, MO., APRIL TO OCTOBER 


By W. BetpEN 
[Weather Bureau, St. Joseph, Mo., June 1936] 


The average annual precipitation at St. er a Mo., 
as recorded during the years 1910 to 1934, inclusive, is 
34.28 inches. Of this amount 26.63 inches, or approxi- 
mately 78 percent, occurs during the 7 months April to 
October, inclusive. June and September are the wettest 
months with averages of 5.03 and 5.02 inches, respectively ; 
while July is the driest summer month with an average of 
3.03 inches. 

Table 1 gives the normal rainfall by decades and months, 
April to October, based on the observations over the 25- 


ear period. It will be noted from this table that there 
is a gradual decrease in rainfall during June and July from 
APR.\MAY |\JUNE |\SULY | AUG. |\SEPT.\| OCT. 
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Ficurs 1.—Percentage of the tota) rainfall occurring at night (7 p. m. to 7 a.m.) and 
during the day (7 a. m. to 7 p. m.), April to October, inclusive, 1910-34. Solid shading 
indicates nocturnal percentages (90th meridian time). 


a maximum of 2 inches in the first decade of June to a 
minimum of 0.88 inch in the last decade of July. A second- 
ary maximum of 1.95 inches appears in the middle decade 
of September, followed by decreasing values with only 
0.63 inch in the closing decade of October. 

Table 2 gives the percentages of the total rainfall that 
occurred during the daytime and during the nighttime.' 
Figure 1 shows graphically the values given in table 2. 


1 The terms “day” and “night” as used in this paper, unless otherwise indicated, have 
meridian time; the division ts correspond to urs of the regular twice-da 
observations at the regular Weather Bureau stations. 


The table and figure present conclusive evidence that 
nighttime rain is considerably greater in total amount 
than daytime rain. In July the contrast is greatest, with 
with about two-thirds of the total July rainfall occurrin 

in the 12-hour period 7 p.m. to 7 a.m. Sixty percent o 

the rainfall for the 7 months’ period occurs during the 
nighttime and 40 percent during the daytime. On the 
average the rainfall occurring within the 3-hour period 
ending at‘5 a. m. is more than two and one-half times 
greater than that falling within the 3-hour period ending 
at 2 p.m. The hour ending at 4 a. m. has the greatest 
robe rainfall, and the hour ending at noon the least. 
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FIGURE 2.—Percentages of total duration of rain occurring at night (7 p. m. to 7 a. m., 
see and during the day (7 a. m. to7 p. m.), April to ber, ve, 


The time during which rain falls is longer at night than 
during the day, but the difference is not so pronounced as 
in the case of the amounts of rainfall. Table 3 gives the 
monthly total duration of daytime and nighttime rainfalls 
for the 25-year period, and figure 2 shows the percentages 


graphically. Daytime and nighttime durations are almost 
= in April and October; but in the other 5 months, 
ay to September, nighttime rains are more prolonged 


than daytime rains. In July 60 percent of the total 
duration of rainfall occurs during the nighttime. The 
average monthly duration of daytime rains decreases from 
33 hours 56 minutes in April to 10 hours 56 minutes in 


| 
| 
“he 
ot 
: 
| 
3 
| 
ay. 
| 


1936 


July. Nighttime rains during these 4 months, April to 
July, also have a similar gradual but less marked decrease 
in duration. In August and September there are cor- 
responding increases in duration of both daytime and 

ighttime rains, and the increase in duration of daytime 
rains continues through October. 

Table 4 shows the average duration of rains that begin 
during each hour of the day and night, and table 5 shows 
the average duration of rains that begin in the daytime 
and in the nighttime. For the season April to October, 
inclusive, as a whole, the average duration of rains begin- 
ning between 7 a. m. and 7 p. m. is 2 hours 44 minutes; 
and between 7 p. m. and 7 a. m., 3 hours 57 minutes. 
Rains beginning within the 5-hour period 8 p. m. to 
1 a. m. have an average duration of 4 hours 42 minutes, 
while rains beginning within the 5-hour period 9 a. m. 
to 2 p. m. continue on the average 2 hours 47 minutes. 
Rain beginning between 9 p. m. and 10 p. m. continues 
for a considerably longer period than rain beginning in 
any other hour. This is particularly noticeable in the 
months of April, May, and September. In July rains 
starting in the nighttime have an average duration of 2 
hours 47 minutes as compared with an average duration 
of 1 hour 23 minutes for rains starting in the daytime. 
The average length of April rains is 4 hours 28 minutes, 
while the average length of July rains is 2 hours 5 minutes. 

Beginnings and endings of all rains were used in the 
determination of durations; and when not definitely 
known they were approximated. 

Figure 3 shows the average hourly intensity of rain- 
fall for the season, April to October, inclusive, for the 
years 1910 to 1934. The intensity increases quite decid- 
edly from 8 p. m. to 10 p. m., after which there is rather 
a sharp decline to 11 p. m., followed by another increase. 
The intensity is relatively high during the 5 hours begin- 
ning at midnight, while the lowest rate of fall and the 
lightest hourly amount occur from 11 a. m. to noon. 


As pointed out by J. B. Kincer,? the distribution and 
duration of precipitation have an important bearing on 
agriculture. This study of the precipitation records for 
St. Joseph, Mo., shows that Nature provides much the 
greater portion of the rainfall during the warm growin 
season, and that there is a marked variation in its diurna 


2 See Monthly Weather Review, 1921, 49:350. 


TaBLE 3.—Monthly total duration (in hours and minutes) of daytime and nighttime rainfalls at St 
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distribution, with the greatest concentration of rainfall 
— the nighttime. In the harvest and threshing 
period, daytime rains are comparatively infrequent, 
which is an economic factor of much importance. Night. 
time rains occur over a longer period of time and in more 


nerous amounts, thus materially increasing the bene- 
cial effects of rainfail on vegetation. 
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FIGURE 3.—Average hourly intensity of rainfall for the season, April-October, at St. 


Mo. (total hourly acew 


was recorded, 1910-34. 


mulated divided by the number of times measurable 


TaBLe 1.—Normal rainfall at St. Joseph, Mo., decades and 
months, April to October, as determined from records for the years 
1910 to 1934 inclusive 

Period April | May | June | July | August] , Sep. | Octo- 
In. In. In. In. In. In. In. 

Ist 099} Lil; 200] 2112] 130] 1.17 

1.40/ 132] 158] 103] 1.95 89 

3d decade 1156) 1.88] 1105] 1.40 1, 63 

3.21] 3.99) 303] 5.02 2.69 

1 For 11 days. 


Tasie 2.—Percentage of total rainfall at St. Joseph, Mo., occurring 


during the 12-hour periods 7 p. m. to 7 a. m. a 


April to October 1910 to 1934 inclusive 


7 a. 


m. lo 7 p. m., 


7p.m.| 7 a. m. 7p.m.|7a.m 
Month to to Month to to 
7a.m.|7p.m 7a.m.|7p.m 
Percent | Percent Percent | Percent 
59 41 || September. ............. 64 36 
56 44 57 43 
56 44 
66 34 Average..........-. 60 40 


26 years 1910-34 


. Joseph, Mo., April to October, during the 


April May June July August September October 
Years 

Day Night Day Night Day Night Day Night Day Night Day Night Day Night 

H. m.| H. m.| H. m.| H. m.| H. m.| H. m.| H. m.| H. m.| H. m.| H. m.| H. m.| H. m.| H. m.| H. m. 

a eee! eee 26 46 19 30 68 49 86 56 16 13 7 6 5 51 6 43 22 24 30 56 24 «57 30 43 ll 19 6 12 
17 42 35 33 14 45 3 23 12 53 1 13 29 18 12 4 35 16 11 32 (06 34 30 «49 1 
Tl disksncsqdhinp ack dietalieditalighs 15 50 20 33 14 33 18 59 22 57 23 0 9 31 ll 45 30 48 12 49 18 04 20 14 30 20 22 4 
37 02 43 35 39 46 37 16 10 59 21 24 3 57 6 36 4 19 8 20 24 36 2 4 35 
Bi cococossdbeeinanelaihenhel 20 17 22 48 11 39 3 10 20 51 24 53 12 32 4 50 411 14 45 23 50 27 @ 29 50 31 30 
24 18 21 62 20 56 20 59 23 13 27 17 51 15 21 37 «17 44 35 6 47 13 35 
35 19 2 46 34 «(37 44 02 21 17 37 «(03 2 56 6 00 16 30 20 29 10 19 24 26 
70 20 58 40 38 22 20 46 21 40 16 37 3 13 36 19 16 35 21 30 15 Ol 18 37 21 
iilNkncunceuindedamdianelnaaedan 30 00 45 32 22 55 32 32 8 8 13 37 17 2 14 2 20 25 38 «#17 19 41 38 52 39 32 i. ') 
2 08 33 «28 18 31 33 2 59 24 30 9 8 42 13 57 5 37 25 55 37 25 42 4 4 16 
50 40 33 «53 21 19 ll 56 12 48 9 10 31 13 16 19 00 16 18 35 23 2 10 53 
41 24 20 14 16 48 28 38 24 18 20 42 4 41 ll 2 14 55 2 30 44 30 26 ll 41 17 @ 
_ —LaeAEeSeE 4 47 15 41 57 49 06 26 «50 5 0 10 0 9 40 29 49 7 37 8 24 15 21 25 20 22 26 27 10 
RARE ee 23 oO 15 37 21 36 33 «38 29 39 19 53 ll #8 16 10 29 49 32 22 % 36 21 21 37 26 46 06 
., Rest aan 10 55 15 41 26 55 39 54 15 37 38 42 18 35 16 38 17 36 27 19 27 @ 4 @ 4 Ol 12 2 
50 38 25 05 21 51 18 21 42 37 32 12 38 ll 55 13 23 39 “462 62 2 47 «#12 37 «57 
rere 36 42 45 57 6 06 22 20 18 0 16 19 ll 62 16 38 16 51 18 40 HM 3 o7 24 32 21 35 
58 46 74 16 7 #17 20 49 38 06 23 0 ll Ol 17 6 19 54 32 4 12 “4 14 22 23 
Wind Stcmdhueateianttbacletuiell 27 +42 23 2 19 09 21 3 43 07 42 3% 15 36 19 50 17 12 21 36 5 2 25 52 2 21 36 «630 
Te dinspdntetinesideskecssdie 40 11 67 32 35 32 42 43 25 00 2 53 4 2 38 37 6 38 34 45 18 43 4 12 45 04 M15 
ll dilnintasssmasd-aiansniaemanaclanan 23 25 44 «55 31 15 30 40 16 34 31 4 14 52 5 O 21 45 2 19 21 40 18 & 42 31 40 Ol 
SRR s set eer 52 09 52 Ol 49 37 32 53 10 2 8 35 10 BB 22 12 2 5 39 45 30 49 23 40 32 43 2B 57 
| 36 «57 40 32 14 24 22 44 31 18 17 @ 15 41 13 21 21 19 21 21 13 19 18 M4 23 43 17 B 
30 O4 24 46 47 (47 34 «13 6 19 48 2 55 18 O1 32 06 48 17 2 24 35 57 3 59 8 57 
1934_ 7 47 17 52 9 30 18 21 6 02 16 32 4 6 ll 2% 23 04 25 08 43 Ol 57 583 10 57 18 O1 
ee 33 «56 35 40 2% 41 31 @ 19 36 21 41 10 56 16 13 17 41 23 50 2 19 33 «49 % 13 23 
Percentages..........-.-. 49 51 48 52 47 53 40 60 43 57 43 57 51 ay 
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TABLE 4.—Average duration of rains beginning in the hours indicated for the 25 years 1910-34, at St. Joseph, Mo. 

A.M. ; P.M. 

Month 

12-1| 1-2 | 23 | 34] 45 | 56] 67 | 7-8 | 89 | 910 | 10-11] 11-12! 12-1] 1-2 | 2-3 | 34 | 4-5 | 56 | 67 |} 7-8 | 8-9 | 9-10 | 10-11] 11-12|Mean 

H. mH. m.\H.m.\H. m.\H. m.\H. m.\H. m.|H. m.\H. m.\H. m.\H. m.\H. m.|H. m.|H. m.\H. m.|H, m.|H. m. 
436 | 400/603 | 309/813 | 242] 3 448 | 3 36| 3 58 | 6 56| 2 22| 4 43| 248| 1 39| 4 24] 236! 251] 3 35|403/| 5 46/8 49| 524/617| 428 
ay 5 51 | 3 04| 519] 3 35| 5 271219] 300] 4 05| 4 22| 4 23] 1 41| 312] 3 52| 258] 137] 108] 4541430) 705) 451/150] 3 37 
June_- 200 | 3 49| 2 25| 3 04| 1 207] 1 58 | 137] 244] 207] 1 38] 259} 216/231] 248| 248| 134] 956/319) 615|° 441319] 2 41 
303/311] 148] 228] 1 26] 1 25/0 54| 131] 1 21 | 0 52| 2 28] 126] 049| 210] 111 | 211] 218; 2401437! 205 
433 | 4.02 | 2 23| 4 16] 318 | 207] 237| 216! 1 37] 153] 159| 208] 1 17| 1 54] 110] 117] 852] 519] 4 436) 256 
September_.| 5 43 | 5 50| 2 22| 3 45/1 42| 299/ 220/419| 304! 240| 4 25] 243] 149] 239/153] 154] 3 40| 229] 444] 258| 540/814) 456/610] 3 42 
October... 5 50 | 4 44| 4 57/4251 150) 416| 4 59| 215] 407| 3 3 25| 5 03] 3 28| 6 06| 113] 259 | 409] 2 20| 3 37| 3 28/511 | 539) 334] 3 57 
Average...| 4 44 | 3 56/ 319 341 | 3 44 | 244] 248/ 315/| 231] 312] 231] 225/ 248 | 238/343) 414/551| 424/417] 321 


TaBLeE 5.— Average duration of rainfall at St. Joseph, Mo., beginning 
between 7 p. m. and 7 a. m. and 7 a. m. and 7 p. m., April to 


October, 1910 to 1934 inclusive 


7p.m.| 7a.m 
Month to to 

7a.m.| 7p.m 

H.m H.m. 

5 14 3 41 
414 2 59 
ae 3 02 2 20 
2 47 1 B 
3 44 2 07 


7 p.m.|7a.m. 

Month to to 
7a.m./7p.m 
H.m. | H. m. 
September............-- 4 22 3 02 
4 16 3 38 
Averages.........-. 3 57 2 44 


HEATERS TO PREVENT FROSTING OF THEODOLITE LENSES AT LOW TEMPERATURES 


By G. GrIMMINGER 


{Weather Bureau, Boston, Mass., July 1936] 


When pilot-balloon observations were begun at Little 
America, Antarctica, in 1934, it was soon found that the 
formation of frost on the theodolite lenses was going to 
cause considerable trouble. The frost formation became 
noticeable at a temperature of about —20° F., increasing 
in intensity with decreasing temperature. It was due 
to condensation, on the cold glass, of vapor in the ob- 
server’s breath and of moisture evaporated from his 
face, and formed on both the eyepiece and the object 
lenses.' At the beginning of the winter night, with the 
advent of low temperatures and the use of lanterns, this 
formation of frost would after several minutes make it 
impossible to see the lantern attached to the balloon; 
and the observer would then have to stop observing and 
scrape the two lenses with a small piece of wood once or 
twice a minute; this, of course, made it difficult to keep 
the lantern in the field, and in some cases was responsible 
for losing the balloon entirely. This same difficulty was 
also experienced by Sverdrup on the Maud Expedition.’ 

To remedy the trouble, two simple but effective heaters 
were devised. The objective heater consisted simply of 
a 15-watt electric light bulb. This bulb was placed under 
the theodolite barrel, with the end of the bulb flush with 
the object lens; around the bulb and theodolite bar- 
re] was then wrapped a single layer of asbestos-covered 
wire mesh, and around this was wrapped a number of turns 
or ordinary friction tape. The asbestos-covered wire 
mesh prevented the bulb from burning the tape, and 
the tape kept the bulb securely fastened to the barrel of 


the theodolite and at the same time completely protected — 


it from drift and snow. Leads were run from the bulb 
socket to our building nearby and tapped into a 110-volt 
line, the current for which was supplied by a gasoline 
generator. The heat from the lighted bulb heated the 

1 Scientific results of the Maud Expedition, Vol. 2, Meteorology, Part 1, Discussion by 


H. U. Sverdrup, p. 41. 
2 Ibid., p. 41. 


end of the theodolite barrel near the objective, and this 
in turn heated the lens by conduction, preventing any 
frost formation whatsoever. 

This type of device was too bulky for the eyepiece and 
would not give the observer an unobstructed view of the 
theodolite scales; hence a resistance type of heater was 
used here. It consisted of a piece about three-fourths of 
an inch long cut from a larger resistance unit found 
among the electrical equipment and made of resistance 
wire wound on a ceramic tube. With a little filing of the 
inside of the tube it was easily made to slip on over the 
end of the eyepiece with a snug fit after the aperture 
disk had been removed. Leads were run from this re- 
sistor into the building where they were connected to a 
6-volt storage battery. Although the ceramic tube was 
an insulator, it was quite thin and plenty of heat got 
through it to heat the eye-piece tube which in turn con- 
ducted heat to the lens. Although no note was made 
of the size and number of turns of wire used, the resistance 
was probably about four ohms. The storage battery was 
used to operate the timing device and theodolite lighting 
—— as well as the eyepiece heater and had to be 
charged only two or three times during the year. 


Although they were rather crude makeshift affairs, 
both of these heating devices proved very effective, and 
no frosting of the lenses was experienced after they were 
put into use. In cases where a 110-volt current is not 
available, a resistance heater could also be devised for 
the object lens and operated with a storage battery. 


Experience also-proved that a long eyepiece tube was 
much better than a short one. A small-size type of 
theodolite which was used for several days was quite 
unsatisfactory because the shortness of the eyepiece 
tube brought the observer’s face and breath so close to 
the theodolite scales that they frosted over and became 
difficult to read after a short time. 
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ANALYSIS OF RAINS AND SNOWS AT MOUNT VERNON, IOWA, 1935-36 


By Knicut 


[Cornell College, Mount Vernon, Iowa, June 1936] 


During the year 1935-36, 51 samples of precipitation 
were analyzed in the Cornell College r seat nw aboratories. 
There were 29 samples of rain and 22 samples of snow. 
The rains of October 13 and 31, 1935, were accompanied 
by thunder and lightning. In the 0.10 of an inch rainfall 
on November 10, the chlorine, nitrates, and nitrites were 
unusually high. These results show what one would 
naturally expect, that most of these substances are dis- 


TaBLeE 1.—Parts per million 


solved in the first part of an ordinary precipitation. The 
same is true of the sulphate. Our experiments tend to 
show that the sulphates in the Mount Vernon precipita- 
tions come from the sulphur in the coal that is burned. 

On January 4, 1936, the precipitation was both rain and 
snow equivalent to 0.2 of an inch rain. In Chicago the 
storm was accompanied by thunder and lightning. 


TABLE 2.—Pounds per acre 


Chlo- | Free | Alb. Nin | Nin lout hate Chlo- | Free Alb. Nin | Nin /|Sulphate 
Date Rain or snow rine | | NH; | nitrite | nitrite| 80s Date Rein or new rine | NH; | | nitrate| nitrite | $03 
1935 1985 
June 6/ Rain in 0 to 0.3._.....-. 55 | 0.056 | 0.04 0.3 0.00 0. 08 June 6 | 3 inches rain...........-. 0. 24 0. 04 0.003 | 0.02 0.00 0. 005 
2.13 04 55 .00 . 00 16 | 0.6 inches rain._......-. 005 . 007 .075 .00 .00 
3. 00 .20 . 02 .00 . 00 18 | 1.2 inches rain._........ 81 05 005 . 068 00 00 
Get. 3. 55 .40 .72 15 . 05 05 Oct. 10 | 0.5 inch rain............ 4 045 . 08 . 006 . 0057 
2.13 .22 .16 .09 .05 .00 13 | 0.35 inch rain_.......... 17 .018 .13 . 007 . 004 -00 
17 | rain............. 1.42 .24 24 .20 25 .01 17 | 44 inch rain............. 1l4 . 019 . 019 . 029 . 016 . 008 
21 | 4 inch rain............. 55 .40 . 04 .10 . 003 . 023 . 018 .0023 | .006 . 0002 
31 | inch rain............. 2.00 . 20 .04 035 .09 .00 31 | 4 inch rain_...........- . 023 . 005 . 004 .00 
Nov. 4] 2.6 inches 3. 55 . 08 06 . 00 Nov. 4 | 2.6 inches rain._.......-. . 047 014 . 035 095 .00 
10 7.10 x x - 25 47 . 025 10 | “6 inch rain_... x x .0058 | .Oll . 0006 
19 2.13 -32 . 30 . 30 . 35 . 005 19 | %o inch rain__.. . 022 . 02 .02 . 024 . 0004 
27 2.00 056 .40 -ll 46 .00 27 | 144 inches rain.. . 016 -1i2 . 031 . 0003 
28 . 050 09 . 008 28 | 2 inches snow..........- 067 . 002 . 009 . 006 . 003 . 0003 
Dec. inch rain............. 2. 50 65 .20 .007 Dec. inch rain............. . 03 .07 023 . 046 . 0008 
15 3. 55 -112 . 80 .20 .10 . 005 15 | 4inches snow-........... .16 . 085 .09 . 019 . 0075 . 0004 
23 2.13 . 08 . 36 . 25 .cs . 003 -27 . 016 .0023 | .019 O11 . 0002 
25 55 03 .15 003 28 | 2 inches snow-.........- 15 008 006 0002 
28 3.75 -20 005 1998 
2.15 .02 -40 08 30 - 005 4 | 0.2 inch snow. J ‘ ‘ 
1.42 .40 .40 . 35 .20 . 005 Dec. 23 | 4 inches snow. -| .162 . 0061 019 . 006 . 0023 
3. 55 .40 15 .25 005 Jan. 6 2inches 16 . 013 018 . 007 O11 . 0002 
1.42 x x .19 . 60 x 7 | “inch snow-..........- . 007 x x 001 . 0030 x 
2.13 . 08 .40 . 075 .30 .00 8 | 3 inches snow....._..... -12 .0046 | .023 .0057 | .017 . 00 
1.40 136 .10 .35 . 002 16 | 2 inches snow-..........- 052 005 009 .0004 | .013 0007 
.71| .056} .22 ‘05 “25 “002 18 | 9 inches .12 .110 | .037 | .0085 | .0425| .0003 
7.10 .20 .45 005 22 | 2inches . 263 017 . 007 . 006 017 . 0002 
3. 40 .112 .20 .00 .13 009 004 .0056 | .007 00 
2.13 .45 . 36 .20 .12 006 Feb. 4 | 4 inches snow-........... . 162 . 034 . 027 . 015 . 009 0005 
80 45 .32 .10 9 | 3 inches .16 . 026 . 018 . 006 .014 . 0002 
1.42] .32 “45 “20 "25 005 .081 | .018 | .026 | .O114] .014 0008 
2.10 .40 .32 .17 25 14 | 2inches snow. 08 . 015 .0122 | .0065 | .009 0002 
2.13 24 . 32 .12 .35 .00 _ 081 . 009 .0122 | .0046 .013 . 0038 
3. 55 50 .80 40 26 | 0.2 inch rain............ .16 .0225 | .036 0068 | .018 0004 
2.10 2 45 .33 009 Mar. 11 | 0.5 inch rain............ . 032 O51 0147 | 087 . 001 
3. 55 .175 .30 . 002 14 | 3 inches 20 -0251 | .010 -017 0001 
3. 55 24 .48 23 50 016 19 | 2 inches snow-........... 135 009 . 018 .19 009 0061 
.9 .40 .20 .10 .20 004 Bye. 3 034 015 . 008 004 008 002 
3.55 .16 .38 .10 . 50 2 | 3 inches snow-........-.- 20 022 -0057 | .029 00 
3.55 45 .10 006 .20 016 . 026 .0057 | .0209 0004 
2.84 80 .17 14 | 0.12 inch rain. . 077 .014 .0046 | .013 . 0002 
3.55 .42 30 20 | 0.25 inch rain_ .20 x x .017 .00 
2.13 x x 1.00 025 24 | Mo inch rain_- 05 024 025 006 023 . 0006 
1.42 .42 .40 .30 5 004 27 | inch rain............ . 227 067 064 048 08 0006 
May inch rain_............ 016 . 018 . 009 009 002 . 0002 
xX xX “20 002 23 | 36 inch rain............. . 20 O41 | .036 .000 | .0014 
2.00 24 .16 .15 004 6 | 0.3 inch rain............ .10 027 029 O11 0014 . 0006 
2.13 15 “04 9 | 1.2 inches rain.........- 54 103 . 0041 
6 24 16 “10 “02 004 June 12 | 2.9 inches rain._........ 40 16 066 013 003 
1.42 -40 .16 02 009 
2.00 . 38 50 -10 015 004 


SEA SWELLS IN RELATION TO MOVEMENT AND INTENSITY OF TROPICAL STORMS 


By I. R. TANNESILL 
{Marine Division, Weather Bureau, Washington, July 1936] 


Tropical storms, like other phenomena that cause dis- 
turbances of the sea surface, result in the formation of 
waves which move outward in all directions from the 
region of — The precursory indications given by sea 
swells preceding the storm are generally appreciated, and 

ve been discussed by a number of writers. Of these, 
mention may be made of Lt.-Col. William Reid! who 
prepared the diagram of swells and cross seas reproduced 


! Reid, Lt.-Col 


., William. The 
el the e Progress of the Development of the Law of Storms and 


Variable Winds. 


in figure 1. Other investigators have studied waves 
caused by storms at sea, notably Cornish,? Wheeler,’ and 
Fleming.‘ The effects of a storm’s progressive travel on 
the character and direction of movement of sea swells in 
the various parts of the storm area have been discussed by 
Cline * who originated the diagram reproduced in figure 2. 


? Cornish, Vaughn. Ocean Waves. Cambridge, 1934. 

3 Wheeler, W. i. A Practical Manual of Tides and Waves: London, 1906. 

‘Fleming, J. A. Wavesand Ripples. London, 1912. 

5 Cline, I. M. Relation of Changes in Storm Tides on the Coast of the Gulf of Mexico 
to the Center and Movement of Hurricanes. MONTHLY WEATHER REVIEW. 48: 127-146. 
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Cline presented no observations of swells at sea to support 
his conclusions, which appear to be based on theoretical 


FIGURE 1.—Swells and cross seas in a hurricane, according to Reid. 
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During the hurricane season of 1935, the Weather 
Bureau was enabled by a special appropriation to secure 
for the first time by radio, daily reports of swells from 
ships at sea in connection with hurricanes. Systematic 
observations of sea swells were begun also at Coast Guard 
stations in 1935. This reorganization of the hurricane 
reporting service has been described by Calvert.® 
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test length and magnitude, traveling in the line of advance 
of the hurricane. B. Swells and waves of moderate length and magnitude in the 
front segment of the hurricane, moving outward to right, and left of the line of advance. 
C. Swells and waves of smaller length and lesser magnitude in the rear segment of the 
hurricane, moving outward to right, and left of the line of advance. D. Swells and 
waves of least magnitude moving outward from the rear of the hurricane.—J. M. Cline. 


Ficure 2.—A. Swells of 


considerations. In all of these investigations very little 


has been done with actual observations of swell in tropical 
cyclones. 


FicurE 3.—Deviation of wind (dotted arrows) from waves (solid arrows) in tropical 
cyclones of both hemispheres. 


CYCLONE CENTER 


FIGURE 4.—Dominant waves (solid lines) moving into wind fields where new waves 
(dotted lines) are being developed. 


With the ultimate object of aiding the mariner to 
secure the greatest practical benefit from the observations 
of swell now collected by radio, the writer has prepared a 


¢ Calvert, E.B. The Hurricane Warning Service and Its Reorganization. MONTHLY 
WEATHER KEVIEW. 63: 85-88, March 1935. 
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number of synoptic charts for a study of wind and swell 
attending tropical cyclones. The charts reveal features 
of movement of swell which have not, to the author’s 
knowledge, been previously described in print. This 
paper is intended as a preliminary discussion of the 
available observations of sea swell in connection with 
tropical cyclones. 


CHARACTERISTICS OF WAVES CAUSED BY WINDS 


When wind begins blowing over a water surface it 
produces at first a series of ripples moving with the wind. 
As the ripples move forward with the wind, they steadily 
increase in size so long as the wind continues. The ulti-- 
mate size of the waves depends upon the force of the wind 
and the “fetch” or length of water surface to windward. 
Thomas Stevenson’s formula for the maximum height of 
a wave in relation to length of fetch is 


H=145 JT, 


where H is the height of the wave in feet and L the length 
of fetch in nautical miles. For a body of deep water 9 
miles in length the maximum wave would be 4% feet in 
height; for a stretch of 900 miles of deep sea, the maximum 
wave height would, theoretically, be 45 feet. 
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Ficure 5.—Partial track of hurricane of August 18 to 25, 1935. 


The relation of fetch to size of wave is of considerable 
importance in dealing with tropical cyclones; the length of 
fetch is only a fraction of the storm diameter, and not 
gaat y the length of the gulf or sea in which the storm 

es 


After the wave moves beyond the influence of the winds 
which caused it, there is a change in its form. The most 
rapid change at first is a decrease in height. The wave 
becomes a relatively low, undulating movement of the 
sea surface known as a swell. To the mariner a swell is 
distinguished by two features; first, its relatively smooth, 
undulating form without the steep and ragged crests 
characteristic of waves actively driven by the wind and, 
second, the movement of winds and waves in different 
directions indicating that the waves have been formed 
elsewhere by winds from another quarter. There is no 
very satisfactory definition of swells as distinguished from 
ordinary wind-driven waves because there is an endless 
variety of conditions of wind and swell, sometimes with 
newly developed waves moving across the swells. The 
typical case is the sea swell moving far in advance of the 
storm into regions where winds are of insufficient force to 
produce any local confusion of the sea surface. 


According to Cornish? the speed of deep-sea waves in 
statute miles per hour is obtained approximately by multi- 
plying the period in seconds by 3%. The period is the time 

tween the passage of successive crests, taken as an aver- 
age for the series of wave crests passing in 1 minute or, 
preferably, 3 minutes. Hence a swell with a period of 12 
seconds (or 5 swells per minute) would be moving at 42 
miles an hour. The leet may be obtained roughly by 
multiplying the square of the period in seconds by 5%, 
giving a length of 738 feet for a wave with a period of 12 
seconds. 

Many estimates of wave dimensions have been recorded 
in the open ocean. However, it is difficult to make accur- 
ate estimates from shipboard; and neither on the open sea 
nor from the shore have wave observations frequently 
been associated with accurate wind 
speed at the place of observation. Seldom has the in- 
vestigator been adequately informed as to the wind move- 
ment over the cumibeanti stretches of sea surface on 
which the waves are produced. Hence, the relation be- 
tween waves and wind in the open ocean has been deduced 
chiefly from series of rather rough estimates of both wind 
and wave. 

The relative proportions of waves caused by winds of 
various forces cannot be worked out to complete satisfac- 
tion by formula. The length of wave may vary from 5 to 
30 times the height in short waves, and from 10 to 40 
times the height in long waves. The dimensions of the 
wave depend upon many factors, such as the speed and 
gustiness of the wind, the fetch, the changes in direction 
and the persistence in any given direction, all of which 
are difficult to estimate for a long stretch of open water 
surface; hence calculations from formulas are only rough 

he relations stated in the foregoing peropeee apply 
to waves finally produced by winds blowing over long 
stretches of open ocean. Actually there are limitations 
to the length of fetch of the wind in any given direction. 
In cyclonic systems, the winds do not blow over great 
distances in approximately straight lines. The greatest 
fetch of gale winds is usually found in extratropical cyc- 
lones of large diameter where the direction of the wind over 
a large area coincides roughly with the direction of travel 
of the cyclone, and the rate of travel of the cyclone is com- 
parable to the speed of the swells. In tropical cyclones 
the fetch is considerably less than in extratropical cyclones 
of large diameter and, although the winds are much more 
violent, observations indicate that the maximum waves 
ssible for such wind velocities are not actually developed 
use of insufficient fetch. 


OBSERVATIONS OF SWELLS IN TROPICAL CYCLONES AT SEA 


In the southern North Atlantic Ocean, including the 
Caribbean Sea and Gulf of Mexico, tropical cyclones have 
an average progressive movement of only about 12 miles 
an hour. Hence, the waves developed by the winds of 
the storm, moving at speeds of 30 to 50 miles and more an 
hour, soon pass through the wind system of the cyclone, 
even when the direction of wave movement and storm 
travel are coincident. Waves in the open sea do not 
involve a bodily transfer of water and are not subject to 
the deflective effect of the earth’s rotation; but the winds 
are deflected and in the Northern Hemisphere are directed 
counterclockwise around the cyclone center. After waves 
are formed by winds in any part of the storm area, they 
move straight forward, while the winds turn to the left in 
the Northern Hemisphere and to the right, or clockwise, 


2 Cornish, Vaughn. Ocean Waves. Cambridge, 1934. 
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in the Southern Hemisphere. This is illustrated in figure 
3. If the winds represented by the dotted arrows at A 
produce waves moving in the direction shown by the solid 
arrow at A, the waves move straight onward as shown by 
the solid arrow at B. If the winds are part of a tropical 
cyclone in the Northern Hemisphere, they turn to the left 
as shown by the dotted arrows at C; if they are part of a 
tropical cyclone in the Southern Hemisphere, they turn 
to the right as shown by the dotted arrows at D. This 
deviation of wind from swell is found in all quadrants of 
the tropical cyclone. However, observations show that 
the amount of deviation in any quadrant depends upon 
the direction and rate of rosie. of the cyclone. 

In any part of the cyclone the dominant swells are those 
produced to the windward. Some time is required for 
the winds to develop large waves, and by the time they 
approach maximum development they are moving rapidl 
straight forward while the winds have turned to the left 
(in the Northern Hemisphere) and are developing new 


2. 


FiGcure 6.—Composite chart showing direction of swells (dashed arrows) and direction 
of wind (solid arrows) in tropical cyclone, August 20-22, 1935. Large arrow shows 
direction of storm travel. 


waves in another direction. This is shown in figure 4, 
where the winds at A are producing the waves shown there 
by dotted lines; those waves become the dominant waves 
(solid lines) moving into the wind field at B where new 
waves (dotted lines) are being developed, later to become 
in turn the dominant waves at C. 

That this is the case is clearly shown by observations 
in the lee of islands within the tropical cyclone. The 
dominant waves are dissipated on reaching the island; 
and to the leeward of the island the only waves present 
are those in process of development and moving in the 
same direction as the wind. Thus, in figure 4, an island 
intervening between A and B will prevent the waves 
developed at A from entering the area B, and the domi- 
nant waves in the lee*of the islandfwill then be the smaller 
waves, indicated by dotted lines injthe area B. 
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On the 18th of August 1935, a tropical storm appeared 
to the northeastward of Puerto Rico. It anak slowly 
northwestward, then recurved to the northeastward and 
passed a short distance to the northwest of Bermuda on 
the 23d. Owing to its relatively slow progressive move- 
ment and its location in the open ocean from the 20th to 
22d, inclusive, this storm afforded an excellent oppor- 
tunity for the study of sea swells. The path of the storm 
is shown in part in figure 5. During these 3 days, ships’ 
weather observations were secured by the Weather 
Bureau at intervals of 6 hours—at 0000, 0600, 1200, and 
1800 G. M. T. Many of the reports contained observa- 
tions of swells in the international code, giving character 
of the swells and the direction from which they were 
moving. 

From these reports, 12 synoptic maps were prepared 
showing direction of wind and swell. These 12 maps 
were then combined to form the composite chart shown in 
figure 6. Each of the individual maps was oriented so 
that the line of progression of the storm center lay on the 
central meridian of the composite chart before transfer- 
ring the observations. Thus the movement of wind and 
swell is shown in the figure in a 7° ocean square as related 
toa — center with a progressive movement due north- 
ward. 

The observations in figure 6 show the deviation of 
swells to the right of the wind; that is, an observer stand- 
ing with his back to the wind would find the swells moving 
off to his right. 

By computation for a 10° square from the individual 
charts, it was found that the deviation of swell from wind 
averaged 61° in the two front quadrants of the storm, 104° 
in the left rear quadrant and only 20° in the right rear 
quadrant. 

This difference in the amount of deviation in the two 
rear quadrants is apparently owing to the progressive 
movement of the storm. The forward movement of the 
wind field in the right rear quadrant, at some distance 
from the storm center, results in a prolonged action of 
wind in the direction in which the swells are running. In 
the left rear quadrant the wind field moves away from the 
swells, resulting in a more pronounced deviation. Along 
the line of progression at the rear of the storm there is a 
discontinuity in swell movement. A similar discontinuity 
is shown in the observations in connection with other 
tropical storms; it appears to be a genuine feature of the 
movement of swell in traveling cyclones. 

In front and to the right of the storm center the swells 
in general move forward roughly in the direction of travel 
of the storm or a little to the right. If the storm continues 
to move in the same direction over the ocean, these swells 
become larger and reach far in advance of the storm. It 
is worthy of note that this feature of movement of swell 
as shown by actual observations agrees with the concep- 
tion of Cline as illustrated in figure 2. 

The tropical storm previously mentioned as appearing 
northeast of Puerto Rico on August 18, 1935, was en- 
countered by a number of steamers, including the S. S. 
A. C. Bedford. On the 20th, at noon G. M. T., the A. C. 
Bedford was at 31°45’ N., 68°00’ W., bound for Cartagena. 
The wind was east to east-southeast with an increasing 
swell from the south. By 0600 G. M. T. of the 21st, there 
was a long heavy swell from the south, wind east, force 7. 
The swell became confused by noon of the 21st, direction 
south. This situation continued until 0600 G. M. T. of 
the 22d when the ship was in latitude 28°22’ N., 66°24’ W. 
The chart given as figure 7 shows the location of the A. C. 
Bedford at 0600 G. M. T. on August 21 and 22 and at 
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subsequent times of observation, with wind and direc- 
tions of swell for each, and also corresponding positions 
of the storm center. By noon of August 23 the ship had 
passed beyond the wind field of the storm but was still 
experiencing a long swell, which by that time was coming 
from the northwest. 

From 0600 G. M. T., August 22, to the same hour on 
August 23, A. C. Bedford made little progress against head 
winds and seas, hence it is not practicable to enter the 
intervening observations on the map in figure 7. The 
map shows, however, the changes in direction of swell as 
the ship passed through the storm field. In each instance 
the observer on shipboard, facing in the direction from 
which the swell came, would have found the storm center 
on his right and the wind coming from a point on his left, 
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Ficure 7.—Wind direction 
observed on 8. 8. A. 


(solid arrows) and movement of swell (dashed arrows) 
A. C. Bedjord in hurricane, 


August 21-23, 1935. 


except that the wind and swell came from opposite direc- 
tions at observation numbered “6”, the wind at that time 
being no longer definitely related to the storm. 

Figure 8 shows wind and movement of swell at some 
distance from the center of a tropical storm in the western 
Caribbean Sea, at 0000 G. M. T., on September 27, 1935. 
No reports were received nearer the storm center. The 
apparent line of discontinuity in movement of swell at 
the rear of the cyclone is shown by the double dashed line. 
The ship reports in this instance also showed very clearly 
the deviation of winds to the left of the swells. 

The maps discussed herein have been selected to portray 
conditions attending cyclonic storms in the open sea. Itis 
believed that they show what will actually appear when- 
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ever careful observations of swell are secured from cyclonic 
storm areas in such situations. However, there are obser- 
vations on many of the maps that require interpretation 
both as to accuracy of observation of sea swells and the 
effect of land areas on their development. 

From an examination of many observations of swell and 
wind from ships at sea it appears that, in the absence of a 
cyclonic storm, there is little or no deviation between 
wind and swell. As a test, 50 reports taken at random 


Ficure 8.—Wind direction (solid arrows) and movement of swel! (dashed arrows) in 
hurricane in Caribbean Sea, 0000 G. M. T., September 27, 1935. 


Ficure 9.—Tracks of tropical cyclones causing heavy swells on the Gulf Coast. 


from the Caribbean Sea in August 1935, when no cyclonic 
storm was in progress, showed an average deviation of 
less than one degree between wind and swell. There are 
individual cases of considerable deviation, apparently at- 
tributable to temporary or local wind variations, but 
these appear to be as likely to occur in one direction as 
another so that on an average the deviation between the 
trade wind and its swells in the Caribbean Sea appears 
to be practically nil. 
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OBSERVATION OF SWELL AT COASTAL STATIONS 


The period of waves created by a storm at sea does not 
change materially as the waves move out of the storm 
field; even when the swells reach shore, where the waves 
move more slowly, they become shorter so that the time 
interval is not affected. 

On approaching shore the storm swell appears to be 
affected in two ways. First, on reaching shallow water, 
the lower part of the wave meets with resistance, and the 
top of the wave spills forward. Second, if the orientation 
of the shore line is not at right angles to the direction of 
movement of the swell, then one end of the wave reaches 
shallow water and is retarded first so that the remainder 
of the wave gains uponit. This results in a turning move- 
ment that tends to bring the wave front parallel to the 
shore line. However, this is seldom fully accomplished, 
hence swells that approach the shore obliquely will usually 
arrive at some deviation from the normal to the shore 
line, though the deviation may be slight. Therefore, the 
direction of movement of storm swells, as observed on 
shore, is not a dependable indication of the direction in 
which the storm center lies, unless the observer under- 
stands the effect of shallow water on the direction of 
wave movement. 

As an example, observations of swell taken at Santa 
Rosa Island, near Pensacola, in 1933, with tropical storms 
in progress in the Gulf of Mexico, showed an extreme vari- 
ation of direction of only 45 degrees (SE to S) during the 
entire time of 17 days with 110 observations. During 
these periods, two tropical storms moved entirely across 
the Gulf of Mexico from east to west, and the variation in 
direction of swells should have been much greater in the 
open Gulf in that vicinity. The direction of swells as 
poms at Santa Rosa Island could not, therefore, be 
taken as an indication of the true direction of the storm 
center. 

From the observations charted in connection with this 
study, it is evident that the observer facing in the direc- 
tion of the storm in the Northern Hemisphere will nearly 
always find the swell coming from the storm center or 
somewhat to the left. The farther the observer’s posi- 
tion from the storm center, the more nearly the direction 
of movement of swell in the open sea approaches the 
direction of the center. 

In ascertaining the direction of the storm center from 
movement of swell, especially along the coast when the 
storm is a great distance at sea, it is necessary to take 
account also of the time required for the swells to reach 
shore. To move 400 miles, say, at a rate of 40 miles an 
hour, 10 hours are required, in which time the storm cen- 
ter, at a progressive rate of, say, 12 miles an hour, will have 
moved 120 miles, making an appreciable change in the 
direction of the storm center with reference to the distant 
shore. After a storm moves inland its swells sometimes 
continue to break on distant shores for several hours. 

The period of swells observed from the shore under 
normal conditions varies with the length of fetch of the 
average winds. On small bodies of water the winds do 
not create waves of long period. On the shore of Corpus 
Christi Bay, for example, the writer has often observed 
waves created by the afternoon sea breeze in summer. 
These waves arrive at the rate of about 20 to 24 per 
minute, indicating that they are relatively short waves 


MONTHLY WEATHER REVIEW 


Juty 1936 


moving at arate of about 10 milesan hour. At Galveston 
the usual sea wind of summer from the open Gulf is not so 
strong as at Corpus Christi but it is accompanied by waves 
arriving at the rate of about 12 to the minute or with a 
probable speed of about 18 miles an hour. 

Along the Atlantic coast the average wave is much 
larger than on the coast of the Gulf of Mexico. The 
averages of numbers of waves per minute as observed 
at Coast Guard stations along the South Atlantic coast 
and on the Texas coast from September 1 to 28, 1935 
are shown in table 1. Two regular observations were 
taken daily. Records for stations having less than 50 
of om scheduled observations during the period were 
omitted. 


TABLE 1.—Average number of waves per minute 


South Atlantic coast: 
Bogue Inlet (34°40’ N., 77°05’ W.)__..-..----------- 6. 
Cape Lookout (34°40 N., 76°30’ 7. 
Chester Shoals (28°30’ N., 80°30’ 
9. 
7. 


Sullivan Island (32°45’ N., 79°50’ W.)__.._.__.------ 
Texas coast: 

Aransas Pass (27°50’ N., 97°03’ W.)_....-..--.-.---- 1 


The average for the South Atlantic coast stations was 
7.7 waves per minute; on the Texas coast it was 11.2. 
The difference in size is indicated by the dimensions 
computed by formula; the average Atlantic wave is thus 
indicated to be about 400 feet from crest to crest, and the 
average Gulf wave about 140 feet. The speeds of these 
waves by formula would be about 31 and 18 miles an 
hour, respectively. 

Regardless of the exactness of these results, the impor- 
tant consideration here is that the greater average size 
of the waves in ordinary weather along the Atlantic 
coast, as compared with the Gulf coast, makes it more 
difficult at Atlantic observation posts to identify the 
swells caused by tropical storms. 

During the progress of a hurricane in the Gulf of 
Mexico from June 10 to 15, 1934, the number of swells 
as observed by Paul Watson at Galveston, Tex., varied 
from 5 to 7 per minute. On the 11th, after this storm had 
moved from Yucatan to the Bay of Campeche the swells 
were observed arriving on shore at Galveston at the aver- 
age rate of 5% per minute. There was no change in 
frequency until the 13th, when it increased to about 6 per 
minute, continuing until the 15th, when it again decreased 
to 5. On the 16th, as the storm moved inland over 
Louisiana the swells at Galveston decreased in size and 
ceased by nightfall. 

In this instance, the period of swells arriving from the 
storm in the Bay of Campeche on the 11th did not differ 
materially from the period observed on the 15th when 
the storm was approaching Louisiana and was much 
nearer to Galveston. 

In July 1934, a disturbance apparently originated off 
the Atlantic coast and pursued an erratic course across 
Florida and the Gulf of Mexico. It was of slight intensity 
until it passed south of Louisiana on the 24th of July; 
at that point it increased rapidly in intensity. Coin- 
cident with or shortly after this development, the period 
of the swells at Galveston increased. As recorded by 
Watson, the observations are shown in table 2: 
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TabLe 2.—Observations of swell, Galveston, July 24, 1934 
of swells 
of swe 
Time Character and motion of swells per min- 
ute 


In this instance, increase in storm intensity was 
attended by an increase in size of swells. 

In a similar case, in August 1932, a tropical disturbance 
approached the Coast Guard station on Santa Rosa Island 
with increasing intensity. The observations of swell, 
taken by the Coast Guard personnel up to noon of August 
31 are given in table 3. Owing to the approach of the 
storm the Coast Guard personnel were obliged to abandon 
the station at 1 p. m. 


TABLE 3.—Observations at Coast Guard Station at Santa Rosa Island, 


August 1932 
Number 
Time Character and direction of swells a: 
ute 
Aug. 30, 1932 
10 
Aug. 31, 1932: 
Heavy.-..- SE 


A chart showing tracks of centers of the three tropical 
storms discussed in connection with records of swell at 
Galveston and Santa Rosa Island appears as figure 9. 

The observations available show that a fully develo 
tropical storm in the Gulf of Mexico causes swells that 
arrive on shore at a rate of about 5 per minute, decreasing 
in exceptionally severe hurricanes to a rate of 4 per 
minute. This corresponds with time intervals of 12 to 15 
seconds between crests. From these periods, Cornish 
derives & wave s of 42 to 52 miles an hour, which he 
believes to be only a little less than the speed of the wind. 
By formula a wind velocity of 50 to 60 miles an hour 
would be indicated. However, tropical storms of the 
type producing swells in the Gulf of Mexico with periods 
of 12 seconds are certainly attended by much higher wind 
velocities. From this it is cosemcsd «A to infer that the 
length of fetch is insufficient to pom the full develop- 
ment of waves corresponding to the actual wind velocities 
as computed from formula for great lengths of fetch over 
open ocean. 

In connection with extratropical cyclones, long series of 
observations at coastal points have been recorded by 
Cornish? which show wave periods running regularly 
between 18 and 24 seconds. It is doubtful if tropical 
cyclones ever create waves of that magnitude while in the 

ropics. If the formulas for wave dimensions in relation 
to wind velocity are accurate when applied to the winds 
of the extratropical cyclone, as appears to be the case, 
then certainly rete formulas are not applicable to tropical 
storms. The writer prefers to judge the intensity of a 
storm in the Gulf of Mexico by assuming that the force 
of the wind on the Beaufort scale is the same as or slightly 
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less than the period of the swell in seconds.’ For example, 
a period of 10 seconds (6 waves per minute) would indi- 
cate a wind force of 9 or 10 (Beaufort); and a period of 
13 or more seconds would indicate a full hurricane or 
force 12 (Beaufort). 


CONCLUSION 


While there is a large body of observations of sea swells, 
part of which were connected with tropical storms, much 
remains to be accomplished in acquiring suitable records 
for study. This discussion is eaiees an indication 
of the probable value of collecting and studying adequate 
and systematic series of observations, both ee normal 
weather conditions and when tropical storms are in 


progress. 

The available records appear to show definite relations 
of storm intensity and movement to the period and 
direction of swells, as follows: 

1. Within the tropical cyclone, the winds turn to the 
left of the swell in the Northern Hemisphere, to the right 
in the Southern Hemisphere. 

2. The progressive movement of the tropical cyclone 
results in differences in the amount of deviation of wind 
from swell in the different parts of the cyclone. 

3. In the tropical cyclone, the length of fetch of the 
winds is insufficient to develop waves of the maximum 
length and period theoretically possible under favorable 
conditions with winds of hurricane force acting upon long 
stretches of deep sea. 

4. The period of storm swells is indicative of the inten- 
sity of the storm and is not dependent upon the distance 
between the storm center and the point of observation. 

5. There is a line of discontinuity in the movement of 
swell, along the line of progression to the rear of the storm 
center. 

6. When storm swells move into shallow water along 
the shore, a turning movement results, so that the direction 
of swell tends toward the normal to the coast line. 

7. Waves do not deviate from the wind in the absence 
of a cyclonic storm or other unusual weather conditions. 

8. As a storm increases in intensity the period of the 
swell increases. 

9. The size of waves caused by winds depends upon the 
extent of the water surface over which the winds blow. 
Waves along the southern Atlantic coast of the United 
States are much larger under average weather conditions 
than waves during ordinary weather in the Gulf of 
Mexico. 

10. The winds over a considerable part of the storm 
field to the right of the center of a traveling cyclone (in 
the Northern Hemisphere) are directed continuously 
forward, roughly along the line of progression. The 
pete cn ye movement of the cyclone increases the force 

f these winds upon the water, hence the largest swells 
are develo there. They run far ahead of the cyclone. 

While there is a considerable body of observational 
data which unquestionably support the foregoing state- 
ments, there is nevertheless a disappointing lack of infor- 
mation regarding some features of hurricane swells, in 
particular the following: 

1. Practically nothing has been done toward charting 
the character of sea swells that exist during the prevalence 
of average weather conditions in the southern North 
Atlantic Ocean, the Caribbean Sea, and the Gulf of 
Mexico. A better knowledge of average conditions is 
essential for a proper understanding of storm swells. 


ene EB. Preparation and Use of Weather Maps at Sea, p. 38. Washington, 
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2. Systematic observations of sea swells at Coast 
Guard stations on the southern Atlantic and Gulf coasts 
of the United States are now being taken daily during the 
hurricane season. Each situation on the coast, where 
observations of swell are made, has its own peculiarities, 
which should be carefully studied to ascertain the effect 
upon direction of swell and to determine whether the 
observations in that situation are sufficiently representa- 
tive of ocean conditions to justify use of the data recorded. 

3. Although systematic observations of swell are 
reported by ships at sea, the elements included in the 
reports are only direction and general character, but not 
the period. The direction is sometimes improperly 
recorded as that toward which the swells are moving 
rather than the direction from which they come. Cross 
seas in the storm field make it difficult in some cases to 
determine the dominant swell; in other cases the waves 
are so confused that the observations can show only that 
the sea is very rough. 


4. Even on shore in excellent locations for observi 
sea waves, the storm swells are often confused by loc 
waves so that it is difficult to determine the true direction 
and period of storm swells. At Galveston, for example, a 
tropical disturbance in the southwest Gulf of Mexico is 
likely to cause an increase in force and a change of the 
prevailing wind at Galveston to easterly, producing local 
waves of considerable size running across a light storm 
swell from the southeast or south. Oftentimes in such 
cases, however, the storm swell is discernible to the 
experienced observer. 


5. When observations of swell on shore and on ship- 
board have been completely standardized and after 
adequate records have been accumulated for study, 
reports of sea swells should prove increasingly valuable in 
the hurricane warning service. Preliminary studies 
indicate that the elements of real value are direction and 
period of swell. The period of swell gives information as 
to the intensity of storm winds which cannot be obtained 
with any precision from descriptions of swells in terms of 
height length. 

6. As to observation of period of swell on shipboard, 
Cornish * stated, as a result of observation during voyages 
through the Caribbean Sea: 


It has been pointed out that a single observer upon a vessel 
under way can readily and quickly determine the period of the 
waves by noting the time taken by a patch of foam in falling and 
rising. If a swift running, slow heaving swell be present, its period 
of oscillation can also be determined by the foam spots, for the 
slower heave is easily watched, not, as might be expected, camou- 
flaged by the shorter waves. 
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TROPICAL DISTURBANCES, JULY 1936 


By J. H. 
[Weather Bureau, Washington, August 1936] 


Two well-defined tropical disturbances occurred duri 
July 1936. One crossed the Louisiana coast on the 27th; 
the other moved from the Atlantic through extreme south- 
ern Florida and passed inland east of Pensacola on the 
3lst. The synoptic weather map, Noon G. M. T., of 
July 27 is reproduced in chart [X, with the tracks of these 
two disturbances. 

There were two other disturbed conditions originating 
over tropical waters, one during the period July 12 to 14, 
in the western Gulf of Mexico, and the other on July 22 
near Puerto Rico; but neither appears to have developed 
more than slight intensity. The available reports do not 
show definite progressive movements to any considerable 
distances beyond the areas in which they were first 
observed. 

July 26-28.—From the ships’ weather observations 
taken at 7 a. m., E.S. T., on July 26, it was evident that 
there was a tropical disturbance in the southeastern 
portion of the Gulf of Mexico; and by 7 p. m. its position 
could be fixed, from ship reports, as being near latitude 
26° north and longitude 89° west, with relatively slow 
movement in a northwesterly direction. At that time 
the disturbance appeared to be of slight intensity and 
confined to a small area, although there was a fairl 
definite cyclonic wind circulation. At 5 p. m. the S. S. 
Davanger near 26}° north, 88° west, reported squally 
weather, wind force 8, barometer 29.82 inches. 

This depression moved on a north-northwesterly course 
during the next 12 hours, being located approximatel 
60 miles south of the coast of Louisiana, near the 90th 
meridian, at 8 a. m., E. S. T. of the 27th. At 7 a.m. the 
S. S. San Gil, at 28°15’ north and 89°30’ west, reported 


south-southeast winds of force 5 (Beaufort scale) with 
barometer reading 29.76 inches. 

During the early afternoon of the 27th, the disturbance 
moved inland over southern Louisiana. At Delta Farms, 
Lafourche Parish, the lowest pressure was 29.62 inches 
(corrected) at 1:30 p. m. E. S. T. This is the lowest 
barometer reading of record during the progress of the 
disturbance. It was accompanied a an estimated wind 
velocity of 50 miles an hour. At the New Orleans Weather 
Bureau Office, a short distance to the right of the path of 
the center, the lowest pressure was 29.74 inches, at 
5 p. m. on the 27th. Advancing farther inland with a 
recurve to the northeastward, the disturbance moved into 
Mississippi and dissipated on July 28. 

Storm warnings for the Louisiana coast were issued at 
9:15 a. m. E. S. T. on July 27 and all interests were 
advised to prepare for storm winds and rising tides. The 
conditions which occurred during the afternoon were 
fully and accurately heralded in the bulletin disseminated 
by the forecaster at New Orleans at 12:30 p. m., E. S. T.: 

July 27. Bulletin 12:30 p. m. E. 8. T.: Tropical storm is turning 
northward and will move inland during next few hours over La- 
fourche and eastern Terrebonne Parishes, La., attended by shifting 


gales from Grand Isle westward to near Houma, La., with tides 
considerably above normal in area named. 


There was no loss of life, and no important storm 
was reported. 

July 27-—August 1.—The history of this disturbance is 
not clearly shown by the observations until the morning 
of July 27 when a well-formed but weak cyclonic circula- 
tion was charted a short distance south of Cat Island, 
Bahamas. Progressing on a west-northwesterly course, 
with increasing intensity, the disturbance crossed Andros 
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Island at 5 a. m. on the 28th. The S.S. Atenas passed 
through a calm area between the hours of 6:15 p. m. and 
7:15 p. m., E. S. T., on this date, while in the vicinity of 
latitude 25° north and longitude 80° west. The lowest 
barometer reported by this ship was 29.38 inches. At 
7p.m., E.S. T., the S. S. Tiger, a short distance from the 
Atenas, reported a barometer reading of 29.48 inches with 
a northwest gale of force 9 (Beaufort scale), clear weather, 
heavy rough sea, and squalls. An hour later, this same 
ship, giving her position as off Molasses Reef, reported 
clear sky, southwest gale, rising pressure, 29.54 inches. 

With estimated wind velocities of 60 miles an hour 
near its center, the storm reached the southern tip of 
the Florida mainland about 30 miles south of Miami at 
8 p.m. The Weather Bureau Office at Miami reported 
a maximum wind velocity of 44 miles an hour from the 
southeast, while the Miami Airport Station gave east- 
southeast winds of 49 miles an hour with gusts of 65 miles 
an hour. 

Between 9:30 and 10 p. m., E. S. T., the storm center 
passed over Homestead and Florida City, maintaining a 
west-northwesterly course, with a —— movement 
of about 10 to 12 miles an hour. The center then moved 
to the Gulf of Mexico; and at 8 a. m., E. S. T., of the 29th 
was located at approximately 26° north and 82°15’ west. 

The following is taken from the report of G. E. Dunn, 
forecaster at Jacksonville. 

* * * The center of the storm passed a short distance south 
of Everglades City where a barometer reading of 29.51 inches 
(possibly the barometer fell still lower later) was reported at 2 
a. m. with 55 miles northeast wind. Following the passage of the 
axis of the center an abnormally high tide occurred and by morning 
the tide was 5.5 feet above mean low and the water was 18 inches 
deep in the streets of the town at normal low tide. During the 
forenoon winds of about 60 miles prevailed in the Boca Grande 
section but with little damage. 

At 3:30 p. m. hurricane warnings were ordered north of Cedar 
Keys to Apalachicola and were later extended westward as the 
storm made no further recurve. As the storm approached the 
northwest Florida coast its rate of movement decreased and north 
of Cedar Keys and especially from St. Marks westward abnormally 
high tides were produced considering the size and intensity of the 
disturbance. This was probably due to the slow movement of 
the storm in this area, giving the wind ample time to pile up the 
water along the coast. * * * 

At 11 o’clock, E. S. T., on the morning of July 31, the 
storm had crossed the northwest Florida coast and was 
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centered over Valparaiso, a community on the northern 
shore of Choctawhatchee Bay, situated about 45 miles 
east of Pensacola. Reports from Valparaiso at 9 a. m. 
gave a barometer reading of 28.80 inches attended by 
east-northeast winds, estimated at 90 to 100 miles an 
hour. The barometric minimun, 28.73 inches, occurred 
there at 11 a. m., E. S. T. The calm center was over 
Fort Walton and Valparaiso about 1 hour and 20 minutes. 
PR cto the report of R. A. Dyke, forecaster at New 
rleans: 


* * * The hurricane winds extended on the coast line for 
about 70 miles but when allowance is made for the angle at which 
the storm reached the coast, the hurricane winds may be accepted 
as covering a width of not much over 50 miles directly across the 
path of the storm. oe 

As the storm moved in, the storm tide reached a height of approxi- 
mately 6 feet at Panama City and Valparaiso. * * 


With rapidly diminishing intensity, after passing inland, 
the storm continued to move northwestward, and was 
centered just north of Pensacola at 8 p. m., E. S. T., of 
July 31. It dissipated on August 1 over the southwestern 
portion of Alabama. 

The Weather Bureau forecasters at Jacksonville and 
at New Orleans issued timely warnings and bulletins 
relative to the intensity and movement of this disturb- 
ance. The first advice was disseminated at 9:30 a. m. 
E. S. T., of July 27 and advisories and bulletins followed 
at frequent intervals thereafter, until the storm had 
dissipated. In all sections affected the display of warn- 
ings preceded the arrival of the storm by 12 to 24 hours. 
Reports indicate property damage was slight as the 
storm crossed the lower portion of Florida. In the 
vicinity of Valparaiso and in nearby coastal sections, 
property damage was placed at $123,000, as a result of 
wind and storm tides. Quoting again from the report of 
G. E. Dunn: 


The fishing boat Ketchum was apparently lost in the Gulf with 
4 persons aboard but no other loss of life directly attributable to 
the storm in the Jacksonville district has been reported. Fortu- 
nately most of the sponge fleet was in port but the Coast Guard 
plane at St. Petersburg identified and warned 11 sponge and fish- 
ing vessels involving 40 persons and a total value of $22,000 in 
the storm area. The Ketchum left port on the 23d before the first 
advisory was issued and was outside the area searched by the Coast 
Guard plane. * * * 


DUSTSTORMS OF JULY 1936 IN THE UNITED STATES 


By R. J. Martin 
[Weather Bureau, Washington, August 1936] 


July had only a few duststorms, mostly local in char- 
acter; with one or two exceptions, they were confined to 
the area between the Mississippi River and the Rocky 
Mountains. East of the Mississippi there were only a 
few scattered reports of dusty conditions. 

Dense dust was reported locally over the Great Plains 
from Texas northward to the Canadian border, but the 
number of occurrences was small—in most States the 
average for the month was less than two storms, while in 
several others only light dust was noted. For example, 
Minnesota reported no dense dust; and only one station, 
in the extreme western portion of the State, observed light 
dust. Oklahoma, Kansas, and Nebraska, the Dakotas, 


Iowa, Montana, and Wyoming were among the States 
experiencing dense dust during July. 

At Havre, Mont., visibility was reduced to about one- 
half city block for 3 minutes on the 17th; the storm of the 
19th at Sioux City, Iowa, reduced visibility to 300 feet for 
a brief period, and was followed by rain. Automobile 
lights were necessary at times in Sioux City during this 
storm; and similar conditions prevailed at Helena, Mont., 
on the 14th. General rains on the 27th terminated dusty 
conditions in southeastern counties of Colorado. 

Unless the storms of August are more frequent and 
severe, the next issue of the Review will have no dust- 
storm summary. 
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SOLAR OBSERVATIONS 


SOLAR RADIATION OBSERVATIONS DURING JULY 
1936 


By Irvine F. Hann, Assistant in Solar Radiation Investigations 


For a description of instruments employed and their 
exposures, the reader is referred to the January 1935, 
REvIEw, page 24. 

Table 1 shows that solar radiation intensities averaged 
above normal for July at both Washington and Lincoln, 
and below normal at Medison. A great deal of haze was 
noted during most of the observational periods at 
- Madison. 

Table 2 shows an excess in the total solar and sky 
radiation received on a horizontal surface at all stations 
except Miami, Blue Hill, Riverside, and Friday Harbor— 
all coastal stations. The excess at some stations was 
greater than for any previous month. 

Table 3 shows high turbidity values at both Washing- 
ton and Blue Hill, with moderate water-vapor content of 
the atmosphere considering the season of the year. 

Polarization observations taken at Washington on 5 
days give a mean of 56 percent with a maximum of 58 
percent on the 7th. At Madison, observations made on 
12 days give a mean of 50 percent with a maximum of 
59 percent on the 7th. The values for Washington are 


slightly below the July normals, while those for Madison 
are considerably below the normals for the month. 


TaBLE 1.—Solar radiation intensities during July 1936 
[Gram-calories per minute per square centimeter of normal surface} 


WASHINGTON, D. C. 
Sun’s zenith distance 
8 a.m. | 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | Noon 
D Air mass 

75th 

mer. 

time A.M. P.M. time 

e 5.0 4.0 3.0 2.0 | 11.0); 2.0 3.0 4.0 5.0 e 

mm | cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | mm 

1 Extrapolated. 
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TaBLE 1.—Solar radiation intensities during July 1936—Con. Taste 1.—Solar radiation intensities during July 1936—Con. 
[Gram-calories per minute per square centimeter of norma! surface] [Gram-calories per minute per square centimeter of normal surface) 
MADISON, WIS. LINCOLN, NEBR.—Continued 
Sun’s zenith distance Sun’s zenith distance 

8a. m.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | Noon 8a. m.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | Noon 
Date 78th Air mass Local Date 78th Air mass Local 
mer. solar mer. solar 
time A.M P.M time time A.M P.M. time 

e 5.0 | 40 | 3.0 | 20 | 10 | 20 | 30 | 40 | 5.0 e e 5.0 | 40 | 30 | 20 | 10] 20 | 30 | 40 | 50 € 


Departures —.10 |—.10 |—.09 |—.06 |—. 03 16.9 
17.5 
10.3 
LINCOLN, NEBR. 9.9 
10.7 
0.94 | 1.08 | 1.22] 1.45/1.16| .98] .85 15.3 
July 13.13 | 0.72] .84| .98 | 1.20 | 1.43 02 
July 9.....-.- 2.66 | 9.6 
July 15....... 10 .91 | 1.02 | 1.16 | 1.24] 1.45] 1.18] 1.00] .85 
July 16.......| 14.10 64 | .71 84 | 1.05 | 1.39 |. 
TABLE 2.— Average daily totals of solar radiation (direct+ diffuse) received on a horizontal surface 
Gram-calories per square centimeter 
Week begin- Mount 
a Wash- New Pitts- | Fair- | Twin New | River-| Blue » | Friday San 
ington |Madison| Lincoln} Chicago) Yor, | Fresno | burgh | banks | Falls Miami | Orieans| side | Hill | juan 
1 cal. cal. cal. cal. cal cal. cal. cal. cal cal cal. cal. cal cal. 
SE 514 597 716 570 698 610 408 599 527 496 54 608 SES 582 633 
BEE Ciickncinnd 563 548 713 527 549 681 585 396 555 540 432 454 596 | Seen 516 576 592 
528 670 518 486 696 597 446 568 631 478 642 488 720 496 583 
Re Dickies 518 553 578 512 414 682 489 393 560 402 495 535 502 Geb Esccctaced 665 493 555 
Departures from weekly normals 
+1 +68 | +127 +85 +116 —38 —19 +122 —83 469 
+67 +13 | +127 +68 +103 —90 -7 —68 +30 |........ 
+16 +9 +58 —40 +186 —38 |........ —35 +230 —92 +110 |........ 
Accumulated departures on July 29 
+2, 989 | +3, 108 |+5,992 | +9,765 | +5,110 | +2, 965 +2,590 | —896 —5, 782 +1438) +21} -—812 —371 | +889 |......-. 


~ 
mm. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | mm mm, | cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | mm ‘ 

July 6...-.---| 11.38 |...---| .62 | 0.79 | 0.96 | 1.29 15.65 July 10.21 | 0.67 | 0.79) LOL] 1.18) 1.46]. 

July 8.......-| 16.20 |.-...-| .80 | .95| 1.12 | 1.36 18.65 July 12.26) | | 1.03 | 1.17) 1.34 
July 9.....---| 18.11 | 0.60) .71| .98 16.20 
July 10...----| 16.20 |......] .74] .90 | 1.04] 1.29 17.37 Means.....| 9.14| .75| .87| .99| 1.15 | 1.40] 1.18 | 1.00 | 0.85 | 0.71 

July 13..--.--| 20.57 | .49| .50| .73] .90 1.48 18 Departures| 6.27 |+.04 |+.08 |+.07 |+.07 |+.06 |+.11 |+.11 |+.09 [4.01 

July 16...----| 12.68 |......| .50]} .60| .76 | 1.12 1410 

July 18.....--| 16.20 1.25 18.59 BLUE HILL OBSERVATORY OF HARVARD UNIVERSITY 
4 
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TaBLeE 3.—Total, I, and screened, I,, I,, solar radiation intensity measurements, obtained during July 1936, and determinations of the atmos- 
pheric turbidity factor, 8, and water-vapor content, w=depth in millimeters, if precipitated 
AMERICAN UNIVERSITY, WASHINGTON, D. C. 
Teme Te-e-In 
Solar 8 1.94 1% 
Date and hour angle altitude |Airmass} In I, | w Air-mass type 
Percentage of solar 
constan' 
July 8 Ll ™ gr.cal.| gr.cal. | gr. cal mm 
63 05 1.12 1, 296 0. 886 0. 696 0. 083 0. 056 0. 072 82.2 13.2 35.0 | NecoT 
63 45 Lil 1. 300 886 696 086 056 O71 82.3 13.1 34.0 
July 9 
49 55 1,30 1. 106 . 802 637 156 096 126 68.9 10.4 14.0 | Tat+8 
51 26 LB 1.110 802 637 156 096 126 68.9 10.4 140 
July 17 
67 02 1.09 1. 080 . 738 582 . 158 . 148 153 69.1 1.6 31.0 | Pe 
1:00 a. m guacnccoecegncotsad 68 05 1.08 1. 083 . 739 . 582 . 157 . 147 . 152 69. 2 1.6 31.5 
Atmospheric conditions during turbidity measurements 
July 8. Temperature 19° C., wind, SW 10; visibility, 30 miles; polarization, 55.2 percent. 
July 9. Temperature 20° C.; wind SW visibility 20 miles; Polarization, 58.3 percent. 
July 17. Temperature 30° C., wind, 8 6; visibility, 20 miles; polarization, 56.0 percent. 
BLUE HILL METEOROLOGICAL OBSERVATORY OF HARVARD UNIVERSITY 
32 42 1.80 1, 253 0. 837 0. 647 0. 036 0.049 0. 042 78.6 11.8 8.8) P. 
52 39 1.25 1.375 ‘ . 691 . 037 . 037 . 037 83.7 10.4 9.1 
52 50 1.35 1. 296 810 . 649 059 065 - 062 79.8 10.7 9.3 
51 22 1,28 1. 223 782 621 074 092 083 75.8 10.6 NpeoTy 
60 51 1.14 1, 246 . 789 633 070 . 048 . 059 80.6 14.3 13.0 
aaa ee 40 44 1. 53 . 951 . 654 527 171 -161 166 58.7 8.0 6.4/| P. 
23 «#07 2. 54 . 700 500 423 160 . 180 170 64.4 16.8 10.7 
July 6 
64 43 1.10 1, 279 823 666 081 102 75.6 6.5 6.0}; Pe 
37 39 1,63 1.14 760 617 080 070 73.9 12.4 9.6 
July 7 
16 45 3.45 . 960 622 587 044 052 048 63. 6 2.5 1.9 | 
44 56 1.41 1. 270 806 . 650 063 092 078 70.7 3.0 2.3 
60 55 1.14 1.331 830 . 656 043 -075 059 81.7 10.8 9.2 
62 10 1.13}. 1.267 805 643 082 088 77.8 10.3 9.1 
July 8 
69 41 1.06 1. 153 .721 . 582 114 200 . 157 70.7 9.3 8.8 | 
16 15 3. 55 .470 .319 235 168 099 134 41.7 16.6 8.7 
69 31 1.06 1.149 715 . 572 .115 187 151 72.6 11.6 11.4] TatS 
63 25 1.12 1. 226 755 . 620 .191 - 200 196 65.7 .4 4] Nope, Tm aloft 
36 50 1. 67 . 798 551 . 453 . 188 - 187 188 55.5 13.2 10.3 
QR 49 2.07 1. 138 751 . 594 037 045 041 75.4 14.8 13.2] Pe 
43 O1 1. 46 1. 184 . 623 059 ~ 081 070 74.9 11.9 11.0 
27 03 2. 20 1.116 . 745 . 578 . 038 -031 . 034 75.9 16.5 11.0] Pe 
55 23 1.21 & . 666 - 032 050 . 041 84.2 12.0 11.0 
29 «44 2.01 1. 167 . 764 . 612 . 039 058 048 74.6 12.5 8.5) Pe 
51 34 1. 250 . 789 . 626 . 062 053 058 81.0 14.5 12.4 
62 00 1.13 1.098 710 . 573 149 - 195 172 68.5 10.0 8.7 | Nope 
45 47 1.39 888 493 () Noa 
40 13 1.55 831 577 .472 182 - 218 . 200 57.0 12.4 9.9 
48 18 1.36 . 840 581 474 (1) 1) 
42 02 1,49 1. 234 - 782 - 633 . 081 . 080 78.2 12.6 10.1] Pe 
46 15 1.38 1. 228 -770 - 635 075 113 . 094 72.8 7.5 6.2 
43 05 1.46 1. 353 816 . 657 015 092 . 054 78.4 6.5 5.3] Pe 
46 11 1.39 1. 365 $24 . 669 025 104 - 064 78.4 5.8 4.8 
65 15 1.10 1. 330 -814 - 665 . 051 130 . 090 78.1 7.3 6.7| P. 
45 2 1.40 1. 245 -772 - 615 045 099 .072 76.5 9.9 8.2 
32 02 1.88 1. 109 . 706 . 564 050 090 -070 70.4 11.2 8.7 
40 42 1. 53 1.177 . 750 - 602 . 076 . 104 . 090 73.4 10.9 8.6 | Nye 
45 15 1.40 1. 240 .. 786 . 632 . 087 -ill . 099 72.5 6.4 5.2 
63 30 1.11 1. 222 .770 - 624 - 095 -175 . 135 72.9 7.4 6.8 
a eel einen meen eating ween end deny Seaton, all screened readings (I, & J,) were found to be 3 percent low, and have therefore been increased by that 
amount before using them to compute 
* Turbidity above 0.200 at tizze these observations were obtained. 
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AEROLOGICAL OBSERVATIONS 
[Aerological Division, D. M. Litre in charge] 
By L. T. Samvets 


In view of the fact that airplane observations were 
begun at a number of stations on July 1, 1934, so that a 
3-year period has been completed, the departures from 
the “normals” thus determined have been included in 
table 1. The total number of observations represented 
by the normals for each station is indicated at the bottom 
of the table. 

The free-air temperatures for July averaged above nor- 
mal in most cases, except along the Atlantic coast and the 
Great Lakes region where the departures were negative. 
Temperature departures were of small to moderate mag- 
nitude at all stations. The lowest mean temperature for 
the month occurred at Selfridge Field at the 5-km level. 

Free-air relative humidity departures for the month 
were of small to moderate magnitude in all cases, and 
mostly negative except at San Diego and Boston where 
they were positive at all levels. The free-air relative 
humidities in general averaged lower at the northern than 
at the southern stations with certain exceptions, viz., at 
Billings the average relative humidity increased in the 
higher levels to a mean of 60 percent at 5 km. The rela- 


tive humidity also averaged comparatively high in the 
upper levels at Pensacola, El Paso, and Mitchel Field. 

e free-air relative humidity averaged lowest for the 
month at Selfridge Field. 

A comparison of the free-air resultant winds for the 
month with the corresponding normals reveals a greater 
northerly component than normal over the Great Lakes 
region, Ohio Valley, and middle Atlantic coast. In most 
of these cases the resultant velocities were above normal 
in the lower levels, and below normal in the upper levels. 

The resultant wind movement for the month showed 
in oe a southerly drift west of the Mississippi River, 
and a northerly drift elsewhere. Resultant directions, 
except as noted above, were in general close to normal. 

Resultant velocities in the lower levels averaged above 
normal over most stations, except over the Great Plains 
States where the departures were mostly negative. At 
the higher levels negative departures occurred over most 
of the country, except the Pacific coast and New England 
where they were positive. No large departures in re- 
sultant velocities occurred at any of the stations. 


TaBLeE 1.—Mean free-air temperatures and relative humidities obtained by airplanes during July 1936 
TEMPERATURE (° C.) 


Altitude (meters) m. s. 1. 
Surface 500 1,000 1,500 2,000 2,500 3,000 4,000 5,000 
Stations 
0! 
ure ure ure ure ure ure ure ure ure va- 
Mean from Mean from Mean from Mean from Mean fom Mean fron Mean from Mean from Mean frem | tions 
normal normal jnormal normal normal norm: 
Barksdale Field (Shreveport), 

Billings, Mont.? (1,088 24.5) +2.5 | 21.8) +19] 182] +1.6] 14.4] +12 6.6 | +1.0]) 411 31 
Cheyenne, W yo.? (1,873 18.8; 19.5) +03)] 16.0; +03 7.8 | +0.6 | —0.6 | +0.9 31 
Fargo, N. Dak.? (274 21.0} 42.4] 25.5 +3.6) 23.9) 42.1] 21.2) 41.7); 17.9) 41.2] 142/407] 106] +05 3.6 | +0.5 —3.6 | +04 31 
Kelly Field (San Antonio), Tex.! 

23.3) —0.2| 23.4) 21.8) 193) 17.1/ 401] 144/404] 11.5] 40.5 5.0 | +0.3 | | -—0.2 28 
Maxwell Field (Montgomery), 

24.5| +02] 24.7 0.0; 226/403) 195/405); 166/406) 13.7} 405] 11.0] +07 45| +03) -1.8 0.0 30 
Mitchel Field (Hempstead, L. I.), 

18.6 | —1.3 | 20.1] —1.0] 19.2 0.0) 164/402/ 104] -01 —0.1 2.0 0.0 | —4.7 | —0.7 29 
Murfreesboro, Tenn.? (174 22.9| 24.2 0.0} 23.1) 407) 205/ 41.0] 180/413) 149) 411] 11.7] 411 5.3} +0.9 —0.6/ 41.1 30 
Norfolk, Va.3 (10 23.4} —1.1 23.9) 21.4) 183] -06); 14.7] —10/ 11.6] —1.3 -4.3) 24 
Oklahoma City, Okla.? (391 m)..-| 24.7} +0.5| 26.4) +06] 25.5| —0.3/ 22.7 0.0} 19.0) —0.1| 15.4/-0.3) 11.8] -—0.3 6.1 | —0.1 | —1.3 | -—0.2 31 
Omaha, Nebr.? (300 25.0) +1.9| 27.9) 42.8] 27.9) 42.0] 24.6) +1.6] 21.1) 17.2) 411] 13.4] +410 6.1 | +1.1) —1.3) +08 31 
Pensacola, Fla.* (13 24.2} 24.2 0.0; 21.5 0.0} 18.4 0.0; 15.5) +02] 12.4] +401 9.9 | +0.5 3.3 0.0 | —2.6 | -—0.1 30 
San Diego, Calif. (10 20.3) —0.2) 19.8) +1.3] 23.5) 41.2] 23.4/ 41.0] 207] 17.4) 13.0) -—3.1 6.3 | —2.8/ —1.3 —3.2 30 
Scott Field (Belleville), Ill. 

23.2} 408] 26.5) +03) 25.7) 41.0] 22.8/41.2] 191/409) 157/408] 122/408 5.3 | +1.1 | —1.3 | +0.8 28 
Seattle, Wash.’ (10 14.0] —1.9} 12.2) 10.9) —15 8.9 | —1.7 8.2 | —0.7 6.5 | —0.3 4.9} +0.3 | —1.2 | —O.1 ll 
Selfridge Field (Mount Clemens), 

17.2 | -1.7 1} -0.7/ 195] 9.2 | —1.6 6.4 | —1.6 0.0 | —1.8 | —6.5 | —21 31 
Spokane, Wash.? (596 21.7) +2.0] 21.2} 428] 18.0) 14.5/43.4] 11.3] 4.5 | +3.5 | —2.6 | 31 

ashington, D. C.3 (13 20.9| —2.8| +01] 202) 17.1) 13.9) 10.8] —10 8.0} —10 1.9 | —1.4 -—3.3 | -0.9 29 
Wright Field (Dayton), Ohio! 

20.9/ 403) 2.0/ 402) 23.1/406/ 203/408) 17.2); 139/406); 106) +03 46/403) —1.1) +06 31 


he a taken about 4:00 a. m., 75th meridian time, except along the Pacific coast and Hawaii where they are taken at dawn. 
rm 
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3 Navy. 
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TaBLe 1.—Mean free-air temperatures and relative humidities obtained by airplanes during July 1986—Continued 
RELATIVE HUMIDITY (PERCENT) 


Altitude (meters) m. s. 1. 
Surface 500 1,000 1,500 2,000 2,500 3,000 4,000 5,000 
Stations Num- 
ber of 
~~? on Depar- Depar- Depar- Depar- Depar- Depar-| obser- 
ure ure ture ture ture ture ture ture va- 
Mean | from | Mea! trom | Mean) from | Mea! trom | Mean! trom | Mean! trom | Mean! trom | Mean! from |Meat) from | tions 
normal normal normal normal normal normal normal normal 
44 33 36 40 -3 48 +2 60 
61 54 -1 42 43 +1 45 +1 56 
62) —15 46) —15 41; —10 40 8 0 +1 49 +4 53 
Kelly Field (San Antonio), Tex-- 95 +3 92 +5 79 +5 +5 63 —1 57 -2 —2 53 +2 53 
Maxwell Field (Montgomery), 

86 74 +1 70 -1 65 —5 59 56 -6 56 54 
Mitchel Field (Hempstead, L.I.), 

92 +1 80 +5 70 0 69 -1 73 +3 73 +7 69 +7 61 +3 62 
Murfreesboro, 87 -3 69 64 -5 63 -6 58 -7 55 54 -4 52 0 49 
88 +7 66 64 -3 61 -5 62 60 0 57 +1 58 +3 52 
Oklahoma City, Okla..........-- 65 —6 62 -—2 56 a2 53 0 53 0 53 +1 55 +4 53 +2 49 7 leccaves 
55 | —16 47} —14 39 -y 39 39 41 -5 43 -4 43 -4 42 
Pensacola, Fis............--...--- 92 +5 80 0 76 0 75 +1 71 0 67 -1 60 —5 62 —2 62 _. 9 ares 
Sen Diego, Callf................... 86 +6 82 +1 55 44 43 +3 41 +8 42 +7 45 +7 52 +9 55 | +10 |.-...... 
Scott Field (Belleville), 75 57 48; —10 48 —10 51 50 —5 50 47 46 
ES eR 84 +7 78 +1 72 0 70 +3 57 —4 44 —10 35 -13 27 TEP innecocdiavegeselosenese 
Selfridge Field (Mount Clemens), 

79 -1 54 48 48 -9 49 -9 46 -7 41 -7 34 -9 32 
8 kane, Wash-. 61 52 48 +3 48 +1 4u 52 +1 54 +3 50 0 |. 
Dd. 87} +11 49 | —17 48; 56 56 —5 52 —6 49 -3 44 —3 |. 
Wright Field (Dayton), Ohio-_---- 75 -8 66 -3 61 0 64 +1 64 +4 63 +6 63 +8 54 +5 51 +6 |.. 


Note.—The departures are based on ‘“‘normals” covering the following total number of observations made during the samme month in previous years, including the current month: 
Billings, 93; Cheyenne, 92; Fargo, 93; Kelly Field, 90; Maxwell Field, 85; Mitchel Field, 71; Murfreesboro, 92; Norfolk, 173; Oklahoma City, 92; Omaha, 121; Pensacola, 210; San 
Diego, 196; Scott Field, 89; Seattle, 67; Selfridge Field, 89; Spokane, 92; Washington, 251; Wright Field, 92. 


TABLE 2.—Free-air resultant winds (meters per second) based on pilot-balloon observations made near 5 a. m. (E. S. T.) during July 1936 


[Wind from N =360°, E=90°, etc.] 
Albu- 
Atlanta, Billings, Che Chi | Cincin- t, Fargo, Houston, ||Key West,|} Medford, || Murfrees- 
uerque, || “Ga. Mont Mass. Il.” ||nati, Ohiol| Mich.’ || N, Dak. Tex Oreg. ||boro, Tenn. 
ex 
(1,554 m) (309 m) (1,088 m) (15 m) (1,873 m) (192 m) (153 m) (204 m) (274 m) (21 m) (11 m) (410 m) (180 m) 
Altitude (m) 

m. 8. 1. a a a a a 

Q > =) > =) > a > a > a > a - a > a > =} > a > a > Qa > 
Surface_....- 354 | 2.3 || 255 | 2.1 282 | 2.1 |} 208 | 1.4 288 | 2.6 || 344) 0.1 |] 115) 0.3 318 | 1.2 |) 148 2.2 141] 0.5 |) 127/26) 204) 09 203 1,2 
PES 137 | 0.5 |} 255 | 2.1 341 2.0 |) 165 | 5.0 || 187 | 6.6 124 | 5.6 || 287 1.6 258 3.1 
269 2.0 || 200/43 324 | 3.1 |] 198 | 3.9 || 188 | 6.4 || 122) 5.1 || 288 1.9 272 3.5 
282 | 4.5 287 | 4.7 || 308 | 6.2 305 | 4.4 2.6 182) 5.4 115 431) 329) 0.3 288 3.0 
138 | 1.9 || 271 | 3.7 237 | 2.0 |) 291 | 9.2 283 | 3.5 || 200; 6.1 || 317] 7.2 308 | 6.4 || 265 | 3.8 || 163 | 3.4 112 3.5 221 0.6 293 2.5 
| ane 169 | 2.9 || 270 | 2.6 243 2.6 || 288 |10.5 250 | 2.9 || 308! 6.6 || 326 | 8.0 311 8.8 || 203 | 6.3 || 146 2.7 1} 119 | 3.3 || 202 5.6 311 2.4 
CC 175 | 2.6 || 247 | 2.6 235 | 4.5 || 283 |12.4 235 2.6 || 310 7.3 || 327 | 7.6 311 9.9 || 306 | 7.0 || 140 1.9 || 133 | 2.2 || 204 8.6 358 2.3 
123 | 1.0 || 225) 1.2 249 6.0 || 284 |12.4 234 2.0 6.7 || 360 | 4.4 311 | 11.5 || 206 | 7.9 79 1.6 |} 205 | 2.3 || 213 | 10.9 
It Ste. 
Newark, land, ma || Omaha, || Pearl Har- || pensacola, || St. Louis, t Lake Diego,|| 584 Seattle, || Spokane, || Washing- 
N.J. Calif. "|| City, Okla. || Nebr.’ |} Pot, Terri- |) "Pigs Mo. || City, Utah || Calif Marie, || ‘Was Wash. || ton. D 
(4m) || @m) (402m) (806m) (24m) |] (70m) || (24m) |} Sm) || || (4m) || (603 m) (10 m) 
> =} > Q > a > a > > a > a > Q > 
1.3 || 338 | 0.5 187 | 3.2 || 176 253 | 1.8 || 248/ 1.0 143 | 4.4 |) 355 | 1.0 0.3 111) 0.7 || 106) 17 315 1.0 
5.0 || 243 | 2.5 196 | 5.8 || 198 255 4.0 || 268 | 3.9 j/....--/}...-.. 359 | 1.0 || 334 1.4 GF t-Bel Beeucloovess 310 4.6 
5.1 || 284 | 3.6 215 9.1 || 224 4.3 || 206 | 40 //...---}...-.. 347 | 3.4 |) 306 4.2 || 228 | 1.2 }) 213 2.9 312 5.1 
5.9 || 244 2.2 193 3.5 || 239 3.2 || 287 | 3.2 157 6.1 || 326 | 3.5 |) 308 5.4 |} 246 | 2.1 || 226 4.6 311 5.8 
8.2 || 217 | 3.4 150 1.8 || 246 2.8 || 2038 | 2.5 171 5.2 || 305 | 0.7 || 312 7.0 || 240 | 3.7 |) 217 6.0 301 6.3 
9.2 || 222) 40 108 | 2.3 || 265 2.8 || 309 | 2.6 191 3.8 || 147 | 315 | 7.4 282) 4.6 224) 7.3 304 7.0 
10.2 || 215 | 3.7 103 | 2.9 || 277 2.2 || 315 | 2.7 217 | 3.5 || 3.6 || 310 8.1 || 5.4 |) 231 8.9 297 7.5 
113 | 4.7 || 320 2.3 || 288 | 2.5 226 3.8 || 132 | 68 || 329 9.2 231 [10.4 || 226 | 12.3 304 5.5 
280 214 5.1 334 | 11.6 |} 228 }11.5 |) 240 | 13.0 315 8.0 


' ~ 
| 
| 
q 
1 Navy stations. imag 
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JuLy 1936 


RIVERS AND FLOODS 


[River and Flood Division, Montrosr W. Hayés in charge] 


By W. J. 


Flood producing rains, ranging in amount from 6 to 9 
inches, fell on the — of June 30—July 1 in Texas in the 
central portions of the Colorado and Guadalupe Basins, 
and over the northern tributaries of the Neuces River. 
The flood in the Guadalupe River was severe, and was 
prolonged by continued rains. Crest stages below 
Gonzales, Tex., were the highest of record. The esti- 
mated losses were very large, amounting to approxi- 
mately $2,130,000, of which oe! $1,500,000 was to 
matured and prospective crops. About 20 persons were 
drowned in the rapidly-rising creeks tributary to the 
main stream. Nine members of two families were lost 
in Plum Creek in Hays and Caldwell Counties. A freight 
train on the Missouri Pacific Railroad was wrecked in a 
creek near Kyle, Tex., resulting in the loss of two lives. 
The flood in the Colorado River was of short duration. 
The losses were not great; they were estimated at $37,000. 
In the Nueces River the rise was of moderate intensity, 
with crests 3 to 4 feet above flood stage, but the losses 
were considerable; they aggregated slightly more than 
$250,000, most of which was to seatene and prospective 


crops. 

aaare wind and rainstorms in the Salt River Valley in 
Arizona on July 24, 25, and 26 caused rather severe local 
inundations on several creeks, with total losses estimated 
at $30,000. Two lives were lost. 

Flood stages were exceeded at Fort Sumner, N. Mex., on 
the Pecos River; at Brownsville, Tex., on the Rio Grande, 
and at Fayetteville, Tenn., on the Elk River. The 
losses from these overflows were small. 


Moxom 


Falling stages prevailed throughout most of the Mis- 
sissippi System, and the lowest July stages of record 
occurred at many stations. In the Willamette and 
Columbia Basins the monthly mean stage was below the 
average at all gaging stations. 


Table of flood stages during July 1936 
[All dates in July, unless otherwise specified] 


Above Crest 
River and station Flood 
stage 
From— To— | Stage| Date 
MISSISSIPPI SYSTEM 
Ohio Basin 
Feet Feet 
Elk: Fayetteville, 14 4 5] 22.3 4 
Arkansas Basin 

Purgatoire: Higbee, Colo_...............- 4 30 30 4.0 30 

WEST GULF OF MEXICO DRAINAGE 
Colorado: 

24 2 3] 31.7 3 

26 3 32.9 4 
Guadalupe: 

21 { 20 228 20 

Three Rivers, Tex.....-..------------ 37 2 4] 40.0 3 
Pecos: Fort Sumner, N. Mex._--.-.-...-- 5 12 12 8.0 12 
Rio Grande: Brownsville, Tex............ 18 { 


WEATHER ON THE ATLANTIC AND PACIFIC OCEANS 


[The Marine Division, I. R. TANNEHILL in charge] 


NORTH ATLANTIC OCEAN, JULY 1936 
By H. C. Hunter 


Atmospheric pressure-—Barometric pressure averaged 
less than normal during July over most of the North 
Atlantic Ocean and the adjacent shores. However, the 
southeast portion had somewhat greater average pressure 
than normal, the readings being notably high there from 
about the 6th to 16th, and again at the end of the month. 

The highest pressure thus far reported was 30.64 inches, 
recorded during the forenoon of the 29th, near 44° N.., 
25° W., on the Dutch motor-tanker Rotterdam. The 
lowest pressure was 28.94 inches, on the British steamship 
Badjestan, about 2 p. m. the 2d, in approximately 56° N., 
27° W. 

TABLE 1.— Averages, departures, and extremes of atmospheric pressure 


(sea level) at selected stations for the North Atlantic Ocean and its 
shores, July 1936 


, Average | Depar- 
Station pressure| ture Highest Date | Lowest Date 
Inches | Inch Inches Inches 
Julianehaab, Greenland-_- 29. 84 | +0. 04 30. 10 15, 16 29. 50 3 
Reykjavik, Iceland. _-_-_.- 29.81 | —.03 30. 15 29 29. 38 6 
Lerwick, Shetland Islands.| 29.72} —.08 30. 03 28 29. 26 15 
Valencia, Ireland.........- 29.81 | —.17 30. 39 30 29. 26 2 
Lisbon, Portugal.........-. 30.13 | +.11 30. 27 9, 31 29. 83 22 
| ES BE 30.13 | +.08 30. 27 6 30.03 |16, 21, 22, 26 
Horta, Azores............. 30.31 | +.04 30. 56 | 29, 30,31 30. 06 25 
Belle Isle, Newfoundland..| 29.77 | —.12 30. 16 24 29. 30 1 
Halifax, Nova Scotia...... 29.87 | —.08 30. 18 22 29. 48 15 
29.87 | —.11 30. 30 31 29. 53 14 
29.04 | —.07 30. 23 31 29. 69 19 
30.13 | —.05 30. 28 29. 98 27, 28 
—. 03 30. 08 |1, 4, 17, 27 29. 97 7, 24 
30.01 | —.02 30.12 4 29.79 
New Orleans.............. 30. 00 -00 30. 21 6 29.74 


Notg.—All data based on a. m. observations only, with departures congins from 
best available normals related to time of observation, except Hatteras, Key West, Nan- 
tucket, and New Orlenas, which are 24-hour corrected means. 


Cyclones and gales.—Winds attained gale force on 
various dates over different parts of the ocean. About 
300 miles south-southeast of Cape Race, during the fore- 
noon of the Ist, the American liner President Roosevelt 
met a small-area storm of marked intensity, the wind 
reaching force 11, the only reported instance of force so 
great over the North Atlantic during the month. This 
storm formed the southern portion of a vast Low, which 
advanced to eastward, with the result that other vessels, 
especially some near or to northward of the 50th parallel, 
4 fresh to strong gales near midocean on the Ist or 

e 2d. 

About the middle of the month several vessels met 
fresh to strong gales along or near the eastern half of the 
steamship lanes as far as the English Channel; while 
from the 17th to 20th, gales of similar force were encoun- 
tered from the waters off the Carolinas to the southern 
shore of Newfoundland. 

Strong trade winds.—During the first week unusually 
strong trades were noted by a few vessels in the Caribbean 
Sea and in the general region of the Bahamas. The British 
motorship Nairnbank, when near the Windward Passage 
on the 3d, encountered a whole gale (force 10), which is 
seldom experienced in such waters save in connection 
with a tropical disturbance. Near the Canary Islands 
the northeast trades were decidedly strong from the 9th 
to 12th. In Puerto Rican waters the trade winds were 
stronger than usual on the 21st; and over parts of the 
northern Caribbean Sea just before the month ended. 

Tropical disturbances.—Elsewhere in this issue will be 
found the description of two tropical storms, one of which 
affected the Bahamas, Florida, and adjacent waters dur- 
ing the final week of the month. In respect to neither 
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gale force nor low readings of barometer at sea did this 
storm equal the extratropical storm over northerly waters 
during the first days of July. Chart IX presents the situa- 
tion on the 27th, when the tropical storm was near the 
central Bahamas. There was a minor disturbance just 
north of the Mona Passage on the 22d, but it does not 
appear to have advanced or to have caused more than a 
brief period of winds of gale force. 

Waterspout.—Early on the afternoon of the 20th a 
waterspout was noted in upper New York Harbor, start- 
ing not far off shore from Stapleton, Staten Island. For 
a fow minutes it seemed to remain practically stationary, 
then moved slowly toward the northeast. ter about 10 
minutes it disappeared very suddenly. The height was 
on as more than 1,500 feet by officers of the Coast 

uard. 

ahs: 1936, was marked by about the same amount 
of fog as the preceding month of June, except for an 
increase in prevalence within a strip, between 45° and 50° 
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north latitude, from Newfoundland eastward to a little 
beyond midocean. 

Over the middle and western parts of the Grand Banks 
there was more than the normal July amount of fog. 
The region of greatest frequency, however, was in the 
square from 40° to 45° N., 65° to 70° W., which is adja- 
cent to eastern New England and southern Nova Scotia. 
Here the reports indicate 19 days of fog. 

From the vicinity of Nantucket southwestward to 
Chesapeake Bay there was less fog than normally occurs 
in July, there being scarcely any after the middle of the 
month. 

Thick weather, due probably to dust from the African 
mainland, was reported south of the Canary Islands on 


the 9th. 
On July 12 the steamships Yarmouth and Losmar col- 
lided in Boston Harbor during a fog, with considerable 


damage to each.* 


OCEAN GALES AND STORMS, JULY 1936 


Voyage Position at time of Low- | Direc- | Direction | Direc- 
lowest wind | of windat| wind | and high- 
Vessel ended| ba- near time of low- 
J barometer | "july | rom- | When time of when | est force | ““ost barometer 
From— To— Latitude |Longitude| WY | ‘ster | | lowest ba- | gale | of wind 
began rometer ended 
NORTH ATLANTIC 
OCEAN 
oF Inches 
Roosevelt, Am. | New York.....| 41 50 N.| 51 04 W. W, 11.....| N......| W, 11....| 8-W-N 
uaker City, Am. 8. 8_. 50 20 N. | 37 00 W. 2 = 3 | 29.17 | 8_...... 8, 7........ WNW.| WSW,9..| 8S-WNW. 
‘etela, Br. 8. 8........ .-| Port Antonio_.}| Liverpool. 46 37 N.| 34 20 W. 1 1 2 | 20.69 | W_..... SSW, 8....| WNW./ SSW, 8 SSW-WNW 
Veendam, Du. 8. 8...... terdam._._- New York...._| 48 37 N. | 35 34 W. 1 | lp, 1.. 3 | 20.22 | SSW._.| SSW,8....| NNW SSW,8 
Nairnbank, Br. M. 8....| 12 57 N.| 77 54 W. 4] 20.84 E_.....| E, 8....... E, 10..... Steady. 
Helmstrath, Br. 8. 8....| Swansea....--.| Montreal_....__| 53 02 N. | 45 30 W. 1| 4a, 2 |!29.00 | SW__--| SW, W-N. 
Badjestan, Br. 8. 8....--| Newcastle.....- Sydney-........| 56 18 N.| 27 25 W. ¢ 4 23.94) NW_...| SW, 6..... WNW._| WNW,8.| SE-SW-w 
Sanyo Maru, Jap. M. 8.| Cristobal_...... ew York.....| 10 36 N.| 79 14 W. 6 | 20.74 | ENE..| NE, 5..... ENE..| ENE,7 
Margaret, Am. 8. 8.....| Jacksonville. San Juan......-. 23 10 N.| 69 10 W. 7 | 30.01 | 8....... to t. 
Nishmaha, Am. 8. 8....| Hull_......-... Port Tampa-_-.| 46 33 N.| 14 06 W. 8 | 10a, 8.... 8 | 20.38 | W_..... WNW, 8..| NW....| NW, 8... SW-NNW. 
Roslin Castle, Br. M.8..| Las Palmas... + — -| 29 30 N. | 13 00 W. 11 | 4a, 11..... 12 | 29.97 | NE....| NE, 8..... NNE NE, 9.... 
Tampa, Am. M. Gibraltar....... New York.....| 42 04 N./| 31 27 W. 15 | Noon, 15 16 | 20.86 | W_..... Ww, —.. NW....| W, 8.....| SW-W. 
Lossiebank, Br. M. 8....| Cape Town... / WES 39 12 N. | 67 30 W. 15 | 7p, 15.. 15 | 29.78 | WSW..| WSW,8 WSsW..| WNW,8 
Exermont, Am. 8, 8.....| Lisbon_........ New York...../*41 34 N.| 20 00 W. 16 | 4a, 16..... 16 | 29.78 | SSW_..| W, 5. NW... W, 8.....| 8SSW-W. 
Belgian Gulf, Belg. M.8-.| Flushing.._.... Port Arthur....| 46 10 N.| 17 52 W. 16 | 5p, 16. 17 | 29.49 | WSW..| WSW, NNW... NNW, 9. 
New York, Am.| New York.....| New Orleans...) 32 18 N. | 75 42 W. 17 | 7a, 17....- 17 | 29.97 | SW....| SW, 5.....| W-..... W, 8.....| SW-W. 
West Harshaw, Am. 8.8.| Avonmouth .--do 49 16 N.} 12 20 W. 17 | 10a, 17 17 | 22.30 | NW....| NW, 2....| NW....| NW, 9...| SE-NW. 
Meeus, Belg. ouston.......| Amsterdam. .../*40 17 N. | 56 37 W. 19 | 10a, 19... 19 | 20.46 | 8.......| SW, —....| SW...) SW, 9....| 8-SW. 
Zamtae Am. M. 8......| Gibraltar_...... New York.....| 42 45 N. | 56 55 W. 20 | 8p, 20.. 20 | 20.68 | SSE....| SSE, 9....| SW.... E, 9...| SSE-SW. 
Geo. H. Jones, Am. 8. 8.| Baltimore._....| G .--------| 19 00 N. | 63 49 W. 21 | 4p, 21.. 22 | 20.93 | ENE..| ENE, 7...| ESE...| ENE, 7.. 
Yselhaven, Du. 8. 8.....| 49 55 N.| 9 25 W. 22 | 8a, 23..... 24 | 20.49 | SW....| WSW, W, 9.....| SSW-W. 
Exermont, Am. 8...-.| New York...-.| 40 38 N. | 67 13 W. 25 | 8a, 25 | 29.69 | W, 2...... ssW, 8... 
Helmstrath, Br. 8. 8....; 53 30 N.| 26 39 W. 26 | Noon, 26 27 20.60 | SW... whw, 7..;| NW....| NW, 8...! WSW-WNW. 
Tillie Lykes, Am. 8. 8..| Galveston......| Port au Prince_|#22 58 N.| 79 04 W. 28 | 4a, 28..... 28 | 29.89 | B....... , - ee SE..... 8, 6......| W-8. 
Yaka, Am. 8. S8__._.....| Antwerp....... Tampa...._...- 26 00 N.| 76 50 W. 27 | 7a, 28..... 29 | 20.88 | SE._... SE, a SSE..../ 8, 9... 
Turrialba, Am. 8. 8._....| Boston_........ Havana_-__..... 26 20 N.| 79 19 W. 28 | 6p, 2.. 29 | 20.75 | ENE ESE, 9 8SW...| ESE, 9... 
City of Omaha, Am. 8.8.| Hamburg. 25 00 80 10 W. 28 | 7p, 30 | 20.61 | NE_...| NW, 10 NW, 10..| N-WNW. 
Atenas, Am. 8. 8........| Tela.......- Charleston .___. 25 21 N.| 80 00 W. 28 | 7p, 28.... 28 | 20.38 | NNW ./ SE, 8__.... SSE. SE, 8..... NNW-SSE. 
Tillie Lykes, Am. 8. 8..| Port au Ciudad Trujillo) 17 34 N. | 72 20 W. 31 | 4p, 31... 21) 20.89) E...... ESE, é....| NE.... ESE, 6...| E-ESE-E. 
NORTH PACIFIC 
OCEAN 
Washington, Am. 8. S...| Shanghai__.__.. 451 59 N. | 15302 W. 5 | 2a, 6...... 6 | 20.93 | SW....| WSW,8..| W-...... SSW, 9...| SSW-WSW. 
16 31 N.| 123 47 E. 8 | 10a, 8... 8 | 28.65 | N...... SW....| NW. 12..| NNW-W-S 
Maunalei, Am. 8. 8.....| Mahukona.-..- San Francisco__| 37 30 N. | 123 42 W. 13 | 2p, 14.... 14 | 20.87 | NW....| NNW, 7..| NNW .| NW, 8... 
Washington, Am. 8. S_..| Longview_..... 47 15 N.| 158 45 E. 15 15 | 9.71 | 8....... 8SW, 8....| W...... SW, 8....| 8-WSW. 
Pres. Jefferson, Am. 8.8.| Yokohama.___. Victoria, B. C../948 08 N.| 17457 E. 19 dt, 18_. 18 | 20.84 | SE.....| E, ee ee SE, 8..... 
Silveryew, Br. M. 8..... Los Angeles....| Manila......... 15 00 N./| 13125 E. 18 | 4a, 19..... 19 | 20.64} E...... SE, 8...... 8W....| SE, 8.....| SE-S-SW. 
Lagan Br. M. San 15 54 N./| 12816 E. 19 | 8a, 19..... 19 | 20.62 | SW.- sw, sw... sw, 8....| ESE-Var-SW. 
1 Barometer uncorrected. + August. 3 Position approximate. 


NORTH PACIFIC OCEAN, JULY 1936 
By Witurs E. Hurp 


Atmospheric pressure.—The distinctive feature of the 
ago situation over the North Pacific Ocean during 

uly 1936 was the great extent of the oceanic nicH from 
the northwestern coast of the United States southwest- 
ward to a considerable distance beyond Midway Island, 
and from the Hawaiian Islands to the sixtieth parallel in 
the southeastern part of the Bering Sea. The pressure 


departure from normal at Dutch Harbor was +0.15, and 
at St. Paul, +0.22, as shown in table 1. Except in the 
Aleutian region, barometers over the high-pressure area 
were not far from normal. 

Over the extreme southeastern part of the ocean, pres- 
sures below normal occurred, the departure being —0.12 
at Juneau. Pressures were slightly below normal along 
the American coast to the southward. 

In Asiatic waters, from northern Japan southwestward, 
average barometric readings were below 29.80 inches. 
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TABLE 1.— Averages, departures, and extremes of atmospheric pressure 
at sea level, North Pacific Ocean, July 1936, at selected stations 
Depar- 
Stations Average |turefrom| Highest | Date Lowest Date 
pressure | normal 
Inches Inch Inches Inches 
Point Barrow ........-- 29. 72 —0. 20 30. 28 27 29. 12 9 
Dutch Harbor... 30. 09 +. 15 30. 36 18 29. 34 1 
30. 06 +. 22 30. 44 20 29. 40 5 
29. 93 50. 22 18 29. 48 9 
29. 93 —.12 30. 24 31 29. 42 9 
Tatoosh Island._....... 30. 04 —-.01 30. 23 29 29. 68 4 
San Francisco.......... 29. 89 —. 06 30. 00 ll 29. 74 14 
PE contncsbcoabed 29. 83 —.03 29. 92 29 29. 66 14 
30. 02 00 30. 12 31 29. 92 15 
Midway Island--.-.....- 30. 10 —.01 30. 20 23 29. 98 13,14 
29. 83 29. 94 6 29.74 13, 16 
29.74 -00 29. 88 8 29. 62 17,29 
REE TERR ee 29. 76 +. 04 29. 96 7 29. 52 20, 21 
Chichishima. .........-. 29. 91 +. 06 30. 04 16,17 29. 56 10 
30. 20 6 29. 42 ll 
1 Data missing. 


Note.—Data based on 1 daily observation only, except those for Juneau, Tatoosh 
Island, San Francisco, and Honolulu, which are based on 2 observations. Departures 
are computed from best available normals related to time of observation. 


Cyclones and gales—North Pacific weather in higher 
latitudes was for the most part quiet in July 1936. A few 
extratropical disturbances occurred; but only a small 
. number was reported as causing winds of gale intensity, 
and these on only 5 days. The American steamship 
Washington was the only vessel to report a gale in excess 
of force 8. This was of force 9, encountered during the 
night of the 5th-6th, lowest barometer 29.93, in the 
neighborhood of 52° N., 153° W. 

Tropical disturbances.—Subjoined is a report, by the 
Reverend Bernard F. Doucette, S. J., of the Philippine 
Weather Bureau, on five typhoons and one depression 
that occurred in the Far East during July 1936. 

There is little to add to this account beyond a mention, 
in connection with the typhoon of July 16-25, of the fact 
that two vessels, the British motorships Laganbank and 
Silveryew, reported encountering gales of force 8 on the 
19th within the neighborhood 15°-16° N., 128°-132° E. 

Fog.—Along the northern steamship routes fog was 
frequent to the westward of the one hundred and sixtieth 
meridian of west longitude, the occurrence increasing 
from about 20 percent in the eastern area to about 70 

ercent in the neighborhood of northern Japan. As an 
illustration of the persistence of fog in the trans-Pacific 
travel of the month: The American S. S. President 
Jefferson entered fog at 3 p. m. of the 15th, in 38°13’ N., 
145°43’ E., and did not leave it until 4 p. m. of the 18th 
in 47°30’ N., 171936’ E. There were 13 days with fog 
reported off the California coast; and 9 days off the coast 
of Lower California. 


TYPHOONS AND DEPRESSION OVER THE FAR 
EAST, JULY 1936 


By Rev. Bernarp F. J. 
[Weather Bureau, Manila, P. I.] 


Five typhoons and one depression occurred during the 
month of July 1936 over the Philippines and adjoining 
regions. 

Typhoon, July 1 to 5, 1936.—A typhoon appeared the 
morning of July 1 about 400 miles east of southern Samar 
and moved west-northwest toward northern Luzon, which 
was in danger until the forenoon of July 3. The storm 
then shifted to the north, afterward northwest, and 
moved rapidly across the Balintang Channel. It entered 
the continent close to Swatow the morning of July 5 and 
soon changed its course to the east. By this time it had 
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weakened considerably and on the following morning had 
disappeared. The typhoon was small and the winds were 
not violent over northern Luzon, July 3, consequently 
little damage resulted. 

Typhoon, July 5-10, 1936.—From July 2 to 4, pressure 
was low over the Eastern and Western Caroline Islands; 
but no definite center appeared until July 5, when the 
morning weather map showed the existence of a depres- 
sion about 200 miles north-northeast of Yap. During 
the next 2 days the depression moved west-northwest 
quite rapidly, intensifying as it progressed. The morning 
of July 8 found it about 300 miles east-northeast of Manila 
moving west-northwest. It passed north of and close to 
Tuguegarao, Cagayan Province, the afternoon of the same 
day. The next morning, the typhoon was over the 
northern part of the China Sea, much decreased in inten- 
sity, and moving northward toward the Continent, which 
it entered July 10. 

The location of the typhoon on the morning of July 8 
was known from observations sent to the Observatory by 
Captain Weber of the S. S. Barentsz. His ship encount- 
ered the typhoon winds and rain and passed * aso the 
center (9:20 to 9:30 a. m., position at 9 a. m. lat. 16.32 
long. 123.44) with a barometric minimum of 727.7 mm 
(28.650 in.). The pressure had fallen from 750.0 mm 
(29.528 in.) to this value in about 1 hour (8.25 a. m. to 
9:20 a. m.) and regained the higher value at 10:30 a.m. 
The winds were of hurricane force but there was no 
warning swell in advance of the typhoon. The evidence 
obtained by the officers of the ship plainly indicates that 
the typhoon was very small, with the destructive winds 
extending only over a small area. At Tuguegarao, 
Cagayan Province, a barometric minimum of 742.46 mm 
(29.270 in.) was observed July 8, 5:16 p. m. 

Two people were crushed by falling trees near Tugue- 
arao. The M.S. Marie was lost 8 or 10 miles southof 
alinan along the eastern coast of Luzon. (Palinan 

Point is in lat. 17.10 N, long. 122.27 E). The crew, re- 
ported to be 26 in number, and 2 passengers were lost 
with the ship, according to newspaper reports, July 22. 

Typhoon, July 16 to 25, 1936.—A depression appeared, 
July 16, about 200 miles west-northwest of Yap, moved 
west-northwest, gradually inclining to the north, passing 
over 300 miles east of the Philippines. When east of 
Formosa (July 21), it intensified and was a severe dis- 
turbance as it crossed the Loo Choos (Nansei) Islands 
about 50 miles west of Naha. It gradually recurved to 
the northeast, passing close to Kiushu Island on its way 
to and across the Sea of Japan. Thence it moved rapidly 
across northern Japan toward the Aleutian Islands. The 
newspapers of July 24 reported 4 deaths in Japan, man 
fishing boats lost, and certain districts flooded, with 

eatest damage at Kagoshima. The navy service ship, 

amiya, and the submarine S-55 were beached near 
Sasebo, with some damage. 

Typhoon, July 18 to 21, 1936.—A depression appeared 
about 300 miles west by south of Manila on July 18 and 
moved slowly in a northwesterly direction. On the 19th 
and 20th it intensified into a typhoon, which continued 
toward Hainan Island, but changed to the west when 
close to and south of the island. It entered Indochina, 
moving westerly, and gradually decreased in intensity. 

It is to be noted that this typhoon, west of the Archi- 
pelago, and the preceeding typhoon, east of the Archipel- 
ago, were phenomena along the front extending from 
Indochina to the Caroline Islands. Both of these ty- 
phoons intensified within a day of each other, the one in 
the China Sea on the 19th, the Pacific disturbance on the 
20th. Observations received from the S. S. Kota Agoeng 


/ 

248 
hes 
« 

i 

| 
a 
revs 


1936 


and the S. S. Tjimanoek showed the existence and posi- 
tion of this front east of the Archipelago, about latitude 
13° N, on July 14 to 16, and on July 19, respectively. 
This intensification, in the opinion of the writer, was due 
to an increase of velocity of the easterly current of air, 
north of the front. 

Typhoon, July 22 to August 3, 1936.—Forming between 
Yap and Palau Islands, a depression appeared July 24 
and moved in a west-northwest direction. It was prac- 
tically stationary July 27 and 28 about 300 miles east of 
San Bernardino Strait. About 10 a. m. on the latter 
day, it began to move in a northwest direction, developing 
as it moved. As it approached northern Luzon, it was a 
t moving quite and during the of 
yu y 29 it crossed the Isiand between Aparri and Tugue- 

rao, inclining to the west-northwest. The next morn- 
ing found it about 60 miles west of Laoag, Ilocos Norte, 
and very intense. [From this position, it moved a short 
distance to the west-northwest and then inclined to the 
northwest and finally north, entering the continent close 
to Swatow. On August 3, the storm was located south- 
west of Shanghai, of considerable intensity, and moving 
in a northeast direction. 

As the typhoon crossed northern Luzon, there were no 
high-velocity winds nor very low barometric minima. 
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the early morning hours of July 31 there seemed to be a 
secondary disturbance south of Vigan, Ilocos Sur, which 
caused easterly winds and heavy rains. This did not last 
very long, because of the very great intensity of the ty- 

hoon as it entered the China Sea. The S.S. Empress of 

ussia, enroute Hong Kong to Manila, passed through the 
center, reporting “July 31, 0230 G. MP T. lat. 18.45 N, 
long. 116.52 E. Now passing center typhoon, winds 
calm, 28.65 mer. cor.” The next day, at 6 a. m. Pratas 
Island reported ‘‘variable winds, force 2, overcast 714.73 
mm’’ (28.143 in.). Many ships around the typhoon, both 
north and south, reported winds of hurricane force while 
the storm was moving northward toward the continent. 

Newspapers at Manila on August 1 reported a loss of 
life totaling seven, with possibility of more being reported 
later. The heavy rains in the mountains along the 
western coast of Dinnee caused disaster along the river 
banks in the lowlands as the torrents rushed down the 
slopes to the sea. No reports have been received to date 
(Aug. 3) from China. 

Depression, July 26 to August 3, 1936.—A depression 
of minor importance formed over the Western Caroline 
Islands, moved west-northwest and filled up over 300 
miles east of northern Luzon. 
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CLIMATOLOGICAL TABLES 
CONDENSED CLIMATOLOGICAL SUMMARY 


In the following table are given for the various sections of the climatological service of the Weather Bureau the 
monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, with 
dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated by 
the several headings. 

The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and 
the greatest and least monthly amounts are found by using all trustworthy records available. 

The mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 


stations. 
Condensed climatological summary of temperature and precipitation by sections, July, 1936 
(For description of tables and charts, see Review, January, p. 29] 
Temperature Precipitation 
g Monthly extremes 8 Greatest monthly Least monthly 
Section 
: Station ae : 33 Station i 
oF. | °F. In. In. In. In 
107 7 | 4stations............| 60] 31 || 7.19 | +1.83 13.70 | Maxwell Field_._.... 2. 58 
§2.2| +.8 Gila Bend........... 123 17 27 1 |} 2.32} +.40 | 2stations............ 18 
Arkansas...........-. 83.3 | +2.8 | 2stations............ 114 18 42) 31 || 4.90) +1.10/ Pine 14.16 | Rogers. 04 
California........... 74.5) +.9 ree. d 117 il +.12 | South Lake......... 2.14 | 46 stations. .......... 00 
70.8 | +3.7 | Las Animas......... 112 29; 11 215| —.07 | 6. La Veta Pass.........| .03 
81.8 | +.5| De Funiak Springs..| 103 7 61 | 10 || 6.46| —.76 | Compass Lake...... 12.77 | Lake Wales-_......... 2.38 
81.9 | +1.8 1 ll 55 | 22 |) 5.04) —.71 | 15.07 | Covington... -........- 59 
7S ORS: 71.2 | +3.2 | 4 stations............ 112} 119 29; 25 -73 | +.08 | Pocatello............ 2.44 | Meridian............. T 
83.5 | +7.1 | 115 12 44 || 1.22; -—2.03) Effiingham.......... 4.55 | Warsaw.............. 

81.4 | +5.7 egeville........- 116 14 41 |} 130 |) 1.59| 1.72) Martinsville........| 6.51 | T 
83.4 | +8.8 | 2stations............ 117 43} .51| —3.17 01 
85.7 | +6.7 121 | 118 50} 31 -86 | —2.34 T 
81.4 | +4.2 | 113 13 31 3.78) —.35 
Louisiana. .........- 82.1} +.3 Plain Dealing....... 104 17 56 | 31 || 6.42) +.25 
Maryland-Delaware | 75.8 | +.6 | 2stations............ 109 10 38} 31 ||} 4.18) —.04 
Michigan. .........-. 112 13 | 2stations.....0.....} 29 1 1.10 | —1.80 
Minnesota. ......... 77.1 | +7.1 | Moorhead........... 114 .73 | —2. 57 
82.3 | +1.2 | 106 13 | Booneville..........| 61 | 31 || 6.00) +.95 

85.3 | +7.3 | 2 stations............ 118 | '15 | Goodland 44 31 || 1.52) —2.16 
Montana...........- 74.3 | +7.4 | 113 23) 27 -73| —.73 
Nebraska..........-. 83.6 | +8.3 | 2 stations............ 118 | 117 | Atkinson............ 44; ll . 57 | —2.59 | 2.70 | 3 stations............-. .00 
New 67.8 | —1.2 | Waterbury, Conn.._| 103 9 | Somerset, Vt........| 30 1 || 271 | —.98)| First Conn. Lake, | 6.20 | Portland, Maine..... 76 
New Jersey.........| 74.6 | +.9| Rumyon............. 110| 10| Charlottesburg......| 40} 31 || 247 | —2.32]| 6.44 | 38 
New Mexico. ....... 72.5) +.2| 111 2%} 2.07 .00 | Mosquero (near)....| 6.68 | T 
New York..........| 70.2] +.5 | Lewiston............ 107 9 | Indian Lake........| 31 1 || 2.13 | —1.78 | Canton.............| 5.73 | Gemeva_............- 36 
North Carolina... .. 78.2 | +1.2 | 106 27 | Mount Mitchell_.... 40 | 31 || 683} +.99 | 12.76 | Monroe. 3.41 
North Dakota.......| 79.9 |+11.8 | 121 6 | 2 stations 38} .70 | —1.72 | 2.47 | Mandan. 

77.0 | +3.3 | Paulding............ lll 14 | Mill 43] 31 3.06] —.72 8.48 | Spr id (mo. 2)....| .23 
Oklahoma........... 86.5 | +4.8 | 120 | 118 | Smithville..........| 48] 31 -71 | —2.17 | Smithville..........| 7.39 | 3 stations............. .00 
67.3 | +.9 | Prairie 111 21 26 -50 | +.09 | 2.73 

Pennsylvania.......| 73.5 | +1.3 | Phoenixville. 1g | 37] 31 |) 288 | —1.40 | York_...... 7. 68 

South Carolina... 81.5 | +1.6 | 3 stations... 12 51 | 31 5.06) —.75 | 8. 55 

South Dakota-_-..._-- 84.2 |+11.2 | Gannvalley-.. 5 42 2 -62 | —1.83 | Waters Ranch --| 3.29 

80.3 | +2.6 arthags............ 13 45 | 31 || 6.75 | +2.29 | Coldwater_........_| 16.32 

Texas 82.5 | —.5 | 115 18 49 13 || 4.15 | +1.52 24.68 | .00 
Utah 72.9 | +1.2 | St. George..........| 111 17 35 | '1 236) +1.45| C 
77.1 | +1.7 | Lincoln. 109 10 41 | 22/420; —.29/| Dante 10.17 | Rocky Mount-...__-- 1.10 
66.5 | +.4 | Wahluke (near)___-- lil 20 | Deer Park (near)....| 28 | 26 -86 | +.17 6.35 | 2 

West Virginia._..... 75.2 | +2.1 | Martinsburg........ 112 10 | Bayard.............| 35 | 31 || 5.10} +.52 9.75 | 1.17 
Wisconsin..........-. 75.2 | +5.1 | Wisconsin Dells_.... 114 13 | 2 stations_........... 34 30 || 1.01 | —2.54 | Oconto 3.53 | River Falls........_.. . 03 
71.0 | +5.4 | 110 6 | Afton (near)... ....- 30} 1.55] +.24| Encampment (near) | 5.34 | 2 29 
Alaska (June).....-. 58.2 | +5.4 | 2stations............ 91 g -99 | —.84 | 4.56 | Annex 15 
75.0} +.8 | 3 stations............ 92 | 115 | Kula Sanitarium..._| 51 | !2 || 8.20 2. 30 Water Co.| 48.30 | 

ntake 
Puerto Rico........- 78.2 | Ponce. 97 21 | Guineo Reservoir...; 51 | 12 || 8.43 | +1.68 | La 19. 12 Central | “San Fran- | 3.40 
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TaBLe 1.—Climatological data for Weather Bureau stations, July 1936 


Pressure 


30 
poonpel veg 


iejemomouy 


Elevation of 
instruments 

Ft. | Ft.| Ft.| In. | In. 
159 

106 


103 
2R9 
403 
876 
29 
26 
160 


1, 089 1 


field. 
Nantucket.........-- 


New England 


in 


+ 


East Gulf States 


Key 

Titusville............ 


Savannah...........- 
Jacksonville... ...... 


South Atlantic States 
Asheville. .........../2, 


Wytheville. .........|2, 304 


Middle Atlantic States) 
Columbia, 8. C 
Greenville, 


Cape Henry. 
Lynchburg... .-.-....-- 


1936 

E 

Greenvil 

Portland 
Burli 

North 

Block Island......... 
Providence. .......-. 
New Haven. 


BS 
Precipitation Wind 
+ velocity 
In. In. | In. 
—0. 0 68} 48] 23 54) 85 10| 5,320] sw.| 24) 5, | 24 14| 15] 6.9} 0.0] 0.0 
—. 0 75| 1 60] 56) 70 10| 38| s. | 24/17) 8 4.0) .0 
B5| —. 0 5| 47) 1 33| 61) 56) 69 || 261 s. 3} 8] 14) 9| 5&7) 
7; —.0 77| 40) 1 39} 60) 56) 74 9 23) s. 3] 4) 15) 12}62) 
—. 1 80} 57] 1 29| 63) 59) 71 9 34| nw. 7| 15| 5.9 .0 
74| 57! 21 21| 62| 84 5 35| sw. | 14) 11) 11) 5.7] .0 
—. 0 74) 59) 1 64) 63) 88 6 11] 12} 5.2) .0 
—. 0 81| 55| 26 9} 63) 68 | 7 || 42) nw. 11] 14} 61 49) 
—. 1 52) 1 Brat | 6 nw. 12} 11) 49) .0 
—. 0 81 1 27| 6&4 68 7 n. 14) 10 8) 5.4) . .0 
76. 4 | 69 5.5 
97| 9 29, 87} —.09| 74. 86) 34| 63) 58) 61 24] 9} 21] . 
871| 29.91) —. 06! 71. 86) 45] 23| ne. | 5| 10| 6.4) 
41 29.88) —. 10! 61 61, 69 37] s. 11! 12} 5.0) .0 
374| 9 29.89] —. 09 87| 58 33| 61| 63 | 34] ne. | 14] 13] 13] 5| 4.4) 
17 29. 90} —. 08 86| 62 29| 66 nw.| 29] 9) 13 5.4) .0 
28 29, 86| 58 28| 66) 60| 61 40] nw.| 13) 11) 48) 
805| 7 29.90) —. 08 86| 48 35| 62) 55| 57 21| nw.| 29} 6) 22) 3) 5.0) ‘ey 
52) 3 29.89} —. 09 80} 62 22} 68| 79 43| nw.| 10} 6| 9| 16) 6.8) .¢ 
22] 1 29, 82) 63 27| 67| 75 39] mn. | 14] 11) 9} 11) 52) 
29, 87| 60 33| 66) 61) 65 27| nw.| 11] 11) 9} 
123) 29. 90) —. 08 88} 60 69) 64) 65 38] ne. | 10) 12) 9| 10) 
112) 6 29. 90| —. 10) 62 33} 69) 65| 68 25] mw. | 23] 12) 10) 5.5) 
18 29. 86} 62 26| 73) 70) 81 31| n. 7| 13) 11; 63) q 
686 29.94) —. 07 93) 58 5} .0 
29.92) —. 08 88| 63 69| 78 53| w. 6| 10] 15) 
144) 1 29. —.09 90) 62 71; 68) 75 | 12) 34) nw. 6| 14) 11) 6. .0 4 
4 29.92) —. 09 85| 51 | 15 20) w. | 1} 12)-...] 
: 81.0 15 5.6 
6 87| 64| 32) 67) 64 16 31] w. 4) 12) 15) 6.8) .0 
779| 6 2 .0 91) 57] 31| 28] 70) 67 +41) 11) 25| n. 6} 12) 13} 61) .0 
29 | 89] 57] 30! 67| 32) 70) 68 3 15} w. 5| 17 6.0} .0 
ll 2g | 84| 66] 74) 11) 58] nw.| 1) 14) 10} 7|-.--| .0 ie 
376} 10 29 90} 56) 70) 27 70 16} 41] nw. 8| 17) 5.2) 
7 29 0 31| 72) 27) 74) 72 10| Biw. | 3 15} 5.2) .0 
48| 1 29 1 91} 65) 31] 75 75| 72 37| n. 8} 10) 13] 5.8] .0 
6 29 93| 58] 31| 72 2} 68 ne. 15} 4,48) .0 
6 29 .0 94) 59) 31) 73 72) 68 12 24) w. | 3] 17) 5.8) .O = 
73) 1 29 .0 92| 64) 31| 73 74| 72 13 6} nw.| 13] 12] 14 45) .0 
91| 69] 10| 74 74| 71 11 24| sw. | 10) 11) 10) 5.6) .0 
Florida Peninsula +0.7 7.13) +1. 5.5 ! 
10} 64} 29.99] 30.01] —.02| 83.2} —0. 3} 91) 20) 88 75 4. +.7| 11] 7,281] e. nw.| 28, 11 6.1) .0 
124] 168} 30.00] 30.03} —.01| 82.2] +1. 2) 90] 21| 88} 66) 13 21 74 8.52} +3.1 7,309] se. | 44) se. 10) 13 5.4) .0 
35] 88] 197] 30.00] 30.03} —.01] 82.4) +1.2] 94] 28) 90) 68] 4] 75) 24) 75) 73 8. +.9| 16) 7,331] w. | 2 14] 11, 61) .0 
5| 29.98] 30.03/......| 96] 27] 90} 10] 72} 3.60)......| 10).....-| sw. .0 
81.7) +1. 7 +11 6. 
8.97} 20.96] —. 06} 81.2} +3. 1/100] 10) 92) 31] 71) 36) 71 73 1 11} 16) 6 .0 
9. 50} 29.98] —. 04] 82.4) +1. 2) 99] 10) 92) 61) 31 72 +2. 7 4 15| 10) 5.6) .0 
49 9.72) 30. —. 03) 81. .O} 98) 11) 92 14} 71 6} 74) 77 10 18) 11].... .0 
149 9.94] 30.00} —.01] 80.7; 91] 7] 67] 31] 23| 75) 73) 79 13) 1 
741) 81.4] +3. 5/101] 10) 31) 71} 11) 13 
11 9. 23} 29.98} —. 03] 80.7] +. 5/102] 10] 91 31| 71) 31 70| 77 16 | 4) 15) 4 
86 9.93} 29.90] —.02| 82.3} 7] 91] 68) 14) 74) 31] 7 78 1 3 1] 22 .0 
218} 92 . 75] 29.99] —. 03] 82.4) +.7}102| 11] 92 31 31 71| 78 15 | 13) 4 
3875] 67 9. 60] 29.98] —.04| 81.5] +1. 1/100} 11] 92) 63) 31 i 71| 79 17 3 1} 
247| 65 9.73| 29.99) —. 01] 81.0] 95) 27) 89 31 7 79 10 10} .0 
76 9.95} 30. . 00} 83.6] +1. 2] 96] 91] 71 7 77 11 
83,0) +0.5 : 
‘ates 
92 9.71] 20.97) —. 2 93} 74) 27) 74 72 6 2) .0 
------|1, 303] 12 8. 63) 29.95) —. 0| 98} 56) 31) 71) 34]... 5 8 
46| 29.92) —. 9 98| 66) 31| 74) 31) 71 55| 7| 3 
357] 94 . 58} 29.95] —. 7 92| 65| 21| 73| 27) 74 71 7| 
605) 136 9. 33] 91| 69| 16| 73| 73 76 11| 6 
88 9. 85| 29. 8 90} 11| 76) 22) 76 83 9) 4 .0 
20} 9. 92} 29. 94) —. 5 89| 73} 78| 17) 77 81 9| 3 9 p| 
Dallas. 512) 220 9. 39) 29. 93).... 93} 66) 20| 32) 72 66 | 4 0 
Fort Worth..........| 679] 92 9. 25} 29.95) —. 8 95| 67) 20) 74) | 9 -0 
Galveston...........| 54] 106 9.92] 29.98} 82. 6 87| 71) 2| 78| 16) 76 78| 12) 0 By. 
Houston.............| 138] 292 9. 83| 29. 97|......| 81. 90| 68] 13| 74) 26)... 3 2) 1 
510] 64 9.45] 29.97)  . 00) 80. r 90] 31 27| 73 79 14) 5 .0 
Port Arthur.........| 34) 58 94) 29, 98)......| 83. 90} 70) 31| 76) 22) 76) | 3 |B 
San Antonio.........'! 693 9, 23' 29.93! —.02' 81. x 7| 731 22' 73 75 ll 7 .0 j 
Observations taken at airport. 
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TaBLe 2.—Data furnished by the Canadian Meteorological Service, July 1936 


Pressure Temperature of the air Precipitation 
Altitude 
Stati Sea level 
mean on 
Station sea level, || reduced | reduced Mean M Total 
Jan. 1, || tomean | tomean| ¢om mesa from maxi- mini- | Highest | Lowest Total from | ‘snowfall 
1919 of 24 | normal || min.+2| norma) | | mum normal 
Feet Inch Inch Inch 7. °F. A Inch Inch Inch 
sy ney, Cape Breton Island. - ‘J 48 29.77 29. 82 —0.11 62. 6 +0. 3 72.3 53.0 84 42 3. 06 —0. 59 0 
alifax, Nova Scotia... -........ - 88 29. 59 29. 69 -.7 62.8 —.6 70.3 55.4 77 49 2.49 —1.56 0 
Yarmouth, pO ee ee eee 65 29.74 29. 81 —.14 60.9 +14 69. 2 52.7 82 46 1.90 —1. 57 0 
Charlottetown, Prince Edward Island_. 38 29. 73 29.77 —.13 63.8 —.3 71.5 56.2 79 50 4.23 +.74 0 
Chatham, New Brunswick............- 28 ||. 29.68 29.71 -.17 63.3 —17 73.7 52.8 84 44 3.19 —1.00 0 
Father Point, 20 29.74 29. 76 —.09 56. 6 —-10 64.2 49.1 74 44 3. 26 +. 22 0 
uebec, Quebec 296 29. 47 29. 78 —.13 65. 2 —-.3 73.7 56.6 84 47 4.29 +. 03 0 
Montreal, Quebec...............--...-.. 187 29. 65 85 —.08 68.3 -.2 76.5 60.1 88 50 4.71 +. 42 0 
236 29. 60 29. 86 —.08 67.2 —2.3 78.9 55.5 96 43 4.27 +.80 0 
JS 379 29. 50 29. 89 —.08 73.1 +5.1 84.1 62. 2 105 52 77 —2.15 0 
White River, Ontario. _...............-. 1, 244 28. 64 29. 93 —.01 63.5 +4.0 80.8 46.3 100 32 . 67 —2.13 0 
Southampton, Ontario-_-.........-.....- 656 
Parry Sound, Ontario. 688 
Winnipeg, 
Minnedosa, 
Qu’Appelle, Saskatchewan 
Moose Jaw, Saskatchewan. 
Swift Current, 
Medicine Hat, Alberta..........-...... 
Prince Albert, 
Battleford, Saskatchewan...........--- 
Edmonton, 
Kamloops, British 9 8 20 0 
Victoria, British Columbia... 7 2 0 
erville, British 
St. George’s, Bermuda................-.- 5 QRereewes 30. 12 —.02 80. 4 +1.9 85.3 75.4 90 68 1.80 —1, 98 0 
LATE REPORTS JUNE 1936 
Father Point, Quebec. - . 20 29.78 29. 80 07 54.3 +1.3 62.3 46.4 76 41 4.70 1.72 .0 
bec 296 29. 50 29. 81 -.11 57.9 —3.3 73.0 42.8 87 40 2.72 —.93 .0 
236 29. 63 29. 89 —.05 62.9 —2.4 74.8 51.2 86 39 2.02 —.90 0 
285 29. 59 29. 89 —.08 63. 2 —.2 71.3 55.1 82 44 2.12 —.31 .0 
White River, Ontario_-_-..........-..... 1, 244 28. 62 29. 93 —.01 52.5 —6.2 67.5 37.5 81 26 2.71 +.49 .0 
Southampton, Ontario. -_-........-.-..- 656 29. 23 29. 94 —. 08 57.3 -3.1 67.4 47.2 78 36 2. 04 —.31 0 
Parry Sound, Ontario. .........-....... 688 29. 22 29. 90 —.6 61.1 —.6 70.8 51.4 ot 40 3.12 +.70 .0 
Port Arthur, Ontario.................-.- 644 29. 31 30. 02 +. 08 * 65.2 -1.2 68.2 41.2 84 31 1.78 —.95 0 
innedosa, Manitoba.................- 1, 690 28. 13 29. 92 +.0 59.3 —.3 70.4 48.1 91 35 2. 06 —. 4 .0 
Moose Jaw, 73.3 49.5 92 36 2. 69 .0 
Swift Current, Saskatchewan_.........-. 2, 392 27.37 29. 85 —.02 61.5 +1.5 74.4 48.6 98 28 2. 64 —.6 0 
Prince Albert, Saskatchewan__.---.-..- 1, 450 28.39 29. 96 +. 09 58.6 +.9 68. 2 49.1 86 34 2.14 —.37 0 
Battleford, Saskatchewan i ee 1, 592 28. 19 29.91 +. 05 61.2 +1.7 73.6 48.8 98 30 2. 20 -—Lil 0 
Edmonton, te iivcwtindtidnthwens: 2, 150 27. 64 29. 88 +.04 59.0 t 1 69.9 48.2 92 30 1.91 —.95 .0 
Victoria, British Columbia-..-......... 230 29.71 29. 96 —.05 58.3 2.0 65.2 51.4 74 49 1.68 48 ° 
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[Compiled by Mary O. Souder from reports submitted by Weather Bureau officials} 
[The table herewith contains such data as have been received concerning severe local storms that occurred during the month. A revised list of tornadoes will appear in the Annual 


Report of the Chief of Bureau] 
Width of some Value of as 
yards life A 
Arkansas Cay, Ast 1 $500 | tose to outbuildings and garages. 
Ironwood, Mich.!-_-.......--- 1) 4p.m. 0 10,000 | Tornado-.-......- barns wrecked, trees uprooted, and other property damaged. 
Aree Vitae and Minocqua, 1 : --| Heavy hail_.....--. Much crop loss. 
take Tomahawk, Wis., vicin- 1 2, 300 Property damaged; loss to crops. 
Wis., “he 1 Considerable loss to crops. 
Oshkosh, Wis., and vicinity 3,500 | Heavy Loss to crops, $2,000; property damage, $1,500. 
vicinity 0 2,700 | Tornado. Property ; loss to crops. 
Archibald, Darnell 2 | 6:40-7:30a.| 25-100 2 52,000 |....-. persons injured; "damage to buildings and timber; loss to crops. 
Great Falls, Sis Mont. eeeeeee” 2| 8p. m..... ee Chicken carried through the air for 25 feet, landed on a frame 
which was to wreckage. Farmhouse untouched by 
wind. eee. by: =e area described this storm as wind which rolled 
along the ground carrying with it billowing clouds of dust without any 
visible ovilenes of the funnel-shaped clouds. 
Canton, Y., vicinity of_...- 3|A.m 1,000 | Thunderstorm_...| Barn destroy: 
Wal 3/9 >. 880 0 200 |....- Trees uprooted, houses unroofed and other old. the Spor abu A 
was hurled across a room Ati 
injured by flying timber. buildings. 
no — 
St. 3 .| Thunderstorm....| Basements and cellars flooded causing much damage; 2 barns destroyed. 
no port: 
Youngstown, N. Y. vicini | Se re 2,000 | Heavy hail_....... Loss of fruit. 
Anne Arundel County, Md., 4 | 5-5:10 p.m oo am Se ae 500 acres of tobacco and 1,000 acres of corn and other crops destroyed over an 
southern portion. area of 6 square miles. 
tanburg County, 8. 5 | 3p. | Loss of 
Wythe, and Washing. 6 21-20 18, 100 Crops loss $12,500; damage to buildings $5,600. 
vite a district, Wash. 7 25, 000 Cloudburst — Roads, bridges and iestgntion flumes from washouts damaged; loss to crops 
due to holding up irrigation at a critical time. 
Cairo, Ill., vicinity of_......... 7-8 aise) Ma - Thunderstorm....| 2 barns burned with cansiderable loss of hay and livestock. 
Indianapolis, Ind.............. 8 | 5:17 - 6:27 2 Thundersquall| Rain very heav AL. northern section of Whe. ie, with winds, 
p. m. and heavy rain. caused much age to buil and trees. ame ad, amy htning. 
Valley F Fairf Wood- 8|P.m 60,000 | Crop loss these $30, Hayne section loss 
a 5 peach 000. 
Newton, Ill oy 8 10, 000 | Electrical and —— bamns-and residences struck by lightning; property damage by 
wind. w 
Colum Miss., and vicinity. 8 30,000 | Thundersquall.._-. Property damaged. 
eke 8 Wind, rain, A few miles from the city wind reached tornadic proportions, doing con- 
hail pee damage. 
Da Dayton OM and vicinity_... ion 3, 000 Lighe ha at Northridge radio station at Dayton 
yton, Ohio, vicinity... ~~ — wintows; 
10 | 3p. m_.... 880 2,000 | No de 
Frankia ond Pittsylvania 10 | 6p. m____. 22 21, 000 bi ~ rain, and | Loss to crops, $13,000; property damaged, $8,000. 
ounties, Va. 4 
Baltimore County, Md_......- 10 | 9p. m_.__. 500 Thundersqualls...| Barns ne other small farm buildings demolished; trees uprooted; path 500 
and Monroe Coun- 10 Several thousand Gollers’ Gamage to buildings end telephone and power 
ies, N. Y lines; loss to fruit crop. 
Tomahawk, 440 0 5,000 | Tornado.......... Funnel- cloud Large barn destroyed; other property 
12 | 4-4:15 p.m. ...-| Wind and hail....| Much to crops, trees uprooted, and small buildings damaged. 
8. Dak., vicinity of- 12 | 4:30 67 0 Windmill, chicken house, and granary wrecked. 
Charles County, 100, 000 | Heavy hail........ destroyed, property and livestock injured over an area 
0 
Pukwana, S. 12 | 5:45 100 ined, and small airplane hangar destroyed; several windows 
and Syracuse, Loss to crops over a path several yards wide. 
Atmore and Barfield, Ark., 13 500 | Wind...........-- Damage to buildings. 
an 
Camden, 4 4 and vicinity__. 22,000 | Thunderstorm | Loss to crops from hail, $20,000; property damage, $2,000. 
Richland, New , and Lex- 13 5, 600 Electrical. ........ Property damaged. 
92,000 | Wind and heavy | In Hummeltown where 18 were covered 
with fallen trees, po ,ete. Ina where a portion of the roof 
was torn away, vy rain poured through the work rooms and a 60-foot 
stack fell across 1 wing of the buil causing loss to this firm of $75,000. 
Full amount of damage not 
ma’ 
Clinton, 14 Telephone lines down. 
Tena a and Nontealns Counties, 25, 000 |... Property damaged. 
Tupelo, 14 5,000 | Th all. Do. 
— 15 | 3-4p. m... 41 50, 000 Wind ana Loss to crops; damage to farm buildings; path 20 miles long. 
on 
Bento Ark., vicinity of.. 15 0 000 | Tornado........... Barns and brooder houses wrecked; =... 
Nashville, 15 = Thundersquall, | Worst electrical storm in this vicinity in many 
destroyed, poles blown down, man injured and 
number of fires re; , 
Dowson ond Monticello, I11., 15 9,000 | Wind............. Corn badly blown, uprooted, and property damaged. 
an nit. 
Monticello rif 94-6 Loss to $17,500; end less to 
M Ga geal 1 000 | Thundersquall | 4.70 inches precipitation 1] during this storm; more thoes $00 tr trees blown 
end baie. down. amage sustained by the Southern Bell Telephone Com- 
pany and the ae Power Company. 
Springfield, Mo...........--..- 16) P.m Thastesoquell Trees glee ; power lines struck by lightning disrupting service for several 
Spring Hill, 8. C........--...- 16 do 880 4,000 | Hail_........ .----| Loss to crops; path 5 miles long. 
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TaBLe 3,—<Severe local storms, July 1986—Continued 


Width of} Loss| Value of 
Place Date Time path, of y | Character of storm Remarks 
yards | life yed 
Quoin, Pinckneyville and 16 $46,000 | Thundersquall._..| In Du Quoin wopaty damage was $40,000 and crop loss $3,000; in Marion 
Marion, "l. loss to crops, $3. 
and New 16 53,500 | Wind............. Crop loss $50,000; damage to property $3,500. 
ollan 

Waterloo, vicinity of...... Considerable damage to corn and other crops. 

Cheyenne, Okla., of... 17 | 3-4p. m_.. 108, 300 |....- Loss to crops $108,000; to poultry $300; path 1 18 miles long. 

Subiaco, Ark., vicinity of....-.. 18 | 5:45 p. m_. 100 0 7,000 | Tornado.__......- Damage to epuildings $6,000; loss to crops $1,000. 

‘ Plant, Ark., and 1,500 | Damage to buildings. 

Trenton, 1.3.,.and vicinity... 18 | 3:01 - 4:10 5,000 | Thunderstorm |Windows broken and greenhouses demolished by hail; large tree stripped 

p.m an bs s its foliage; barn destroyed by lightning; crops blown down. 

Baraboo-Reedsburg, 50,000 | Wind and hail-_-__. barns destroyed; silos anc lone poles blown down; trees 

Pro 7 dimage $30 loss to crops $30,000 

Beadle, Deuel, Faulk, 19 | 2-9p. m..-|_. dings damaged, and trees uprooted. 
bury, McCook, and) Moody 
Counties, 8. Dak 

Plains, 19 | 2:30 p. m.. Farm damaged; path 5 miles long. 

Omaha, Nebr- -.....-.-..----- 19 | 6:30 p. m.. ---- 25,000 | Wind, dust, and | Maximum wind velocity of 73 miles per hour recorded, and accompanied 
by clouds of dense shifting dust which reduced visibility to zero from 10 
to 15 minutes. Trees uprooted, power and telephone lines and —~ 
tg down; windows broken and many roofs and some b. 

and dust....| Much dust carried by the wind; some damage to trees, wires and buildings. 
Severe damage over small area to buildings; loss to crops and stock. 

Carlinville, IL, vicinity 2, 000 Barn and contents burned. 

Little Sioux, Morgan, 55, 000 $40,000 damage to buildings and $15,000 crop loss. In St. Johns the grand- 

pal hn ore. and St. Johns, stand and other buildings at the fairgrounds were wrecked. 

Moline, Kans., vicinity of. _... 20 | 2:30 p. m.- SD. Evcses 5, 000 ng A hail and | Windows broken and automobiles damaged; loss to crops; path 7 miles long. 

nd. 

Antlers, 20 | 5p. m__... 500 | Wind. ............ Property damaged; path 8 miles long. 

Pontotoc nnd Johnston Coun- 20 | 6:30-7:30 p. 21})-..... 12,900 | Heavy hail_.....-- Loss to crops. 

m. 
herokee, ‘Kens. north of... P. m...... 1,000 hail and | Chief loss to corn crop; path narrow and short. 
wind. 

Wiseman, Ark., and 20 10, 800 Loss to crops; property damaged. 

v nity 
Clarksdale, vicinity 15,000 | Thundersquall_...| Damage to property. 
‘fount Pleasant, ‘Ark 2,000 | Heavy rain_.....-- 

Pontiac, 8. C.......-.- 650 | Electrical. ......-- Barn destroyed and a mule and cow killed. 

Lamar, Grayson, Cooke, Dal- | 20-21 | 7 eg CE eee 1, 033,000 | Wind.._..-...---- Ripe wind velocity at Dallas since the establishment of the station, 68 
las, ‘Tarrant, Ellis, and adja- 12:02 a. m. miles recorded at 11:52 p. m., on the 20th, with $1,000,000 property damage. 
cent Counties, Tex. Several persons inj 

Little Rock, 7, Electrical. Cotton gin burned; chureh steeple and power equipment damaged. 

Edgecombe. Pitt, and Martin 21 | 3-3:15p.m. Heavy rain, elec- | Number of farmers said to have been virtually ruined when the unprece- 
counties, N. C.! trical, wind, and dented downpour of rain and hail stripped their cotton stalks and laid 

hail. tobacco plants flat in a sea of mud. In addition to crop loss much dam- 
: age to buildings, trees, power, and telephone equipment. 

Fountain Inn, 8. C.........--- 21 | 4p. m..... OB Tieweus 32, 000 bi ~ “aan and| Loss to peaches and other crops by hail, $30,000; several houses unroofed. 

Posie Valley, Okla., and vi- Op Maca 3,000 | Wind...........-- Loss to crops; property damage. 

15,000 |.....do__..........| Several buildings blown down, others unroofed; crops especially broom- 
corn beaten to the ground; many trees blown down; path 15 miles long. 

ounty 3 

"at Ark., 8 miles |. 20,000 | Wind and hail._..| No details. 
sout! 

Little 50,000 | Heavy Damage to gravel streets. 

Rudd to Grove,lowa. 30,000 | 2 thundersqualls | First storm accompanied by hail with little wind; most severe hail in Rudd, 

hail. with damage to corn crop over a path 2 miles wide; in some places hail fell 
to the depth of 2inches. Second storm was one of severe wind with some 
hail; damage to buildings on about 50 farms and many shade and fruit 
—_ blown down. Damage from this storm $30,000, over a path 5 miles 
wide. 

Union, vicinity of_...... 22 |. 1,200 do...........-| Damage to property. 

Platteville, Wis., of!_ 3,000 | Electrical. -.....- Barn and contents destroyed. 

Fruitville, Fia., vicinity 23 | 4:30-6 p.m. 600 Considerable damage to crops and celery plant beds. 

Hendricks and Morgan Coun- 23 | 8-9 p. m... ik) SS 400,000 | Wind and hail....; Damage over a path 10 miles long. 

ies, Ind. 
Cleveland, 2,000 Street-car conductor injured by lightning; property damaged. 
and heavy 

Fort Wayne, Ind__.........--- 23 |. 10,000 | Thunderstorm....| Telephone and power lines damaged. 

2 Thundersquall.... large tent with 50 persons in it was lifted by the wind 
and carri lee 

% |...do....... 0.22 inch of rain in 4 minutes, accompanied by wind; property damaged. 

24 ..| Wind and hail....| Much crop loss; trees and buildings 

Salt pry Valley, Ariz re | REE 1 7, 000 and .---| 18-inch wall of water swept off Camelback Mountain over the desert flats. 
Sunnyslope reported much flood damage with some houses carried 
off their 

Escanaba, Mich., and vincin- SY Pith... .---| Thunderstorm) Considerable damage occurred. Automobile tops ruined; windows 
ity. . and heavy hail. broken; chickens ‘Killed and loss to gardens. 

New York State, northern _ ft ES 0 Tornadoand heavy} Much damage to farm property. Loads of hay and farming implements 
section.! . rain. ens up and carried away; tin roof of barn partially torn off and 2 

armers injured; many trees felled. 

Arizona, central and southern 25 21,000 | Heavy rain and | Railroad tracks and bridge washed out, underpasses flooded, and highway 
portions. wind. traflic disrupted. Casa Grande and Gilbert flooded, with water entering 

stores. Phoenix, Mesa,and other towns had water standing in streets, 
sewers being unable to take care of the ee pe Irrigation canals in 
Salt River Valley broke their ee, So flooding several hundred acres of 
farm lands, ruining crops, and killing als. Wind caused much 
damage to buildings and trees. 

| ae 25 |. + Hail Considerable loss to crops. 

Faulkston, 8. Dak., pas Age 25 | 7:30 p. m.. ~~) 60S ee Number of buildings wrecked; Maroney poles and trees blown down. 

Shipton to New Cambria, 27 | 5-5:30 p. m_j.......... 0 15,000 | Tornado and hail_} Small damage from hail occurred in part of stricken area near Bemi 

.» Vicinity of. but path not well-defined. Barns, other farm buildings and a residence 


See footnotes at end of table. 


y Path 16 miles long. 
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TABLE 3.—Severe local storms, July 1936.—Continued 
Place Date Time —— of bed Character of storm Remarks 
yards life 
Morrowville to Bremen, Kans. 27 | 5:15 22 0 $4,000 | Lange number of buildings domaged totaly Path 20 
. les long and not well-defined 
Detroit, Kans., 6 miles north. 27 0 75,000 |..... i ticcueuned Barns and other farm hay: demolished; telephone wires down; path 
not well-defined and 4 miles long. 
Shannon, Kans., vicinity of... 27 | 6:15 p.m... 880 1,000 | Wind and hail_.-_- a ay Comasnd or demolished, windows and roofs 
y pa m ong. 
Fayette and Washington 27 | P.m... 1 50,000 | Tornado. -........ One of the most severe storms in years with i in the vicinity 
ounties, Pa. Uniontown. 2 fw -shaped observed over 
ysv about 4 p. m. 
Toledo, Thunderstorm...) Several houses damaged and a injured b: tning. 
Grantsville, 27 Man injured and 6 cows killed when a = was blown over; 2 cows 
killed when an uprooted tree fell on them; 6 silos damaged or blown down. 
Gratiot County, 27 20,000 | Electrical. Several barns destroyed. 
urg, Ww. and Loss mostly to crops. 
da Pe teninngaitieaidél 28-31 150,000 | Tropical disturb- | On the aftenoon of the cs the center of the storm was 75 miles southeast 
of Miami. It crossed the extreme southern tip of Florida, » poatins into 
the Guilt, south of Everinde City with wind Ccimated at iles per 
hour. After reaching the Gulf, the storm moved in a genera] north- 
westward direction. In the Boca Grande section the wind was esti- 
mated at 60 miles per hour with little damage reported. On the 3ist, 
winds were 60 to 70 miles per hour on the coast in the wietatty ofS of Camp 
Walton. front Valpor damage in south Florida was v: In the 
Camp Walton-V: aiso area damage was estimated at $100,000; Panama 
City area $5,000; foal palachicola and vicinity $8,000; Pensacola area negli- 
gible. Damage to to high ways $10,000 to $15,000; telephone and telegraph 
companies $10,000 ears and pecans blown from trees; crop loss not 
estimated probable total damage $150,000. 
29 | 5:30 p. m_. 22M) 20, 000 Damage to buildings $15,000; loss to crops $5,000. 
South Chicago Lighthouse, 29 Sand barge sunk and 14 members of the crew drowned in Lake Michigan. 
., Vicinity of. 
Christian County, Ky., south- OD f  .ccnambadintdnciacanscbingtdlousesssaudsnt Wind and heavy | Loss to crops; farm buildings damaged. 
ern portion. n. 
Jacksonville, Fla.........-.... 30 | 5:30 p. m 7,500 | Thunderstorm-....| City electric plant damaged. 
LATE REPORTS FOR JUNE 1936 
94-5 4,000 | Hail_..............| Damage to windows and roofs. 
Broken Bow, 3142. 92-4 20, 000 |..... A considerable area of smal! grain and alfalfa destroyed. 
2] 7p. m..... | 30,000 Damage mostly to small grain. 
ounties ex. 
Hansford County, Tex_......- 4/6p.m__.. | $22,000 | Wind and hail....| Crop 000; pro’ $2,000. 
Wichita Falls, Tex. ........... 6 | 5:20 p.m-_- 440 0 50,000 | Tornado..........| Injury to 2 persons. o other 
— and Garden Counties, 8 | 7:15 p.m_. 13 50,000 | Hail Damage over & path 45 miles long. 
ebr. 
Aurora, Nebr. 9 | 6a. m___.. 30, 000 Property damaged. 
Buftalo and Dawson Counties, 9 | 3:30-5:30 a 12-5 200, 000 Damage over & path abvut 60 miles long. 
9 | 6:30. 10, 000 Property 
17 70, 000 ind . No other details. 
y 
30 | 3-4 p. m__. eS 50, 000 Loss to crops, livestock, and poultry; property damaged; path 5 miles long. 
wood Counties, Minn. 
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